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ON 
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FOR EG-'X'IE'T 
Bv W. WILLCOCKS, M. I. C. E. 



A. IVOXE 

By \V. E. GARSTIN, 
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To 



His Excellency RIAZ PACK A, 



President of the Covnnl of Ministers , 



Excellency, 

I liavo the honour to sul)rait to you the following i)apers in connootion 
with the question of Reservoirs. 

(1) My note upon Mr. Willcocks' Report. 

(2) Mr. \Vill(*ocks' Report on *' Perennial irrigation and Hood protection 
for Egypt '\ 

(3) Appendices to the Report. Appendices XI and XII are notes on 
the utilisation of Reservoir water hy Major Brown and Mr. Foster, the 
inspectors General of Irrigation for Upper and Lower Egypt respectively. 
Appendix XIII is a note by Dr. G. Schweinfurth upon the question of salt 
in the Wadi Ray van. 

(4) The Plans and Designs accompanying the Report. 

I have the honour to he, 

Kxcellencv, 

1/  

Your obedient servant, 
\V. E. Garstlx, 
Under Secretary of State, 
Public Works Department. 



Dated, Cairo, 27th December, 1«U;J. 
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ISrOTE 



ON 



''PERENMAL IRRIGATION AND FLOOD TROTECTION FOR EGYPT" 



BY 



W. E. GARS TIN, 



INDKK SIXBETARY (»F STATE, PL'fU.lC WOHKS DKlVXriTMENT, E(iYPT. 



L.E. I = 100 piastres = Lst. 1.. i)\. iVK 



1 feddan (Egyptian acre). . . = 4200 
1 acre (English ) r- 4047 



square metres. 
> » 



1 metre r^_ :J.28 feet. 

1 square metre : 10.70 square feet. 

1 cubic metre -- 35.32 cubic feet. 

1 kilogramme = 2.205 pounds. 

1,000,000 cubic metres per day. . • . :^ 400 cubic feet per second 
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Note on Mr. WiUcocks' project for " Perennial irrigation and 
flood protection", by W. E. Garstin, Under Secretary 
of State, Public Works Department, Egypt. 



On tlie sul)mission of Mr. \Vilkwks' preliminary Uepori on lloservoirs The Report, 
in 1S91, my predeoessor. Sir Colin Scott Moncrietf*, decided that detaile<l 
information should be eoUeeted about every reservoir site in Egypt. The ju'esent 
rei)ort embodies tliis information, and I am now in a ])Osition to make definite 
proposals to the Government. A glance at the project will show the extent 
and i-ange of the questions w^iich have been considered. 

Tlie l{e})ort is accompanied In' ten appendices containing a mass of infor- Appendices 
mation and calculation, and 37 sheets of plans and designs. Among the latter 
is a complete survey of the Nile from Wadi Haifa to Cairo. 

With the help of Professors Sickenberger and Hudson Reare, the geology 
of the rej:rion has been studied, and the strength of the different building stones 



tested . 



mk — 

•xT The entire jjroject has taken 4 years to prepare, a pei-iod of lime which 

cannot be considered ex(»essive if we contemplate the importance of the subject 
and the range of the enquiries. 



On page 17 of his Repoi't, Mr. Willcocks gives the names of the members The stair, 
of his staff. I fully endorse all that he says in their ])raise. Their w^ork has 
necessarily involved latigue and exposui*e, and the way in which one and all, 
Europeans and Egyptians alike, have devoted themselves to their duty, is 
beyond all praise. I think they well deserve the thanks of the Government 
of His Highness the Khedive. Mr. Willcocks' own work speaks for itself. 
Whatever may be the decision finalh' arrived at regarding his proposals, 
I think there can be-but one opinion regarding the ability he has shown in 
the preparation of this project, and the manner in which he has considei*ed 
and thouirhl outevei-v detail. 



Commission. 



Taking into consideration the magnitude of the reservon* projects, we have The Technical 
asked that a commission composed of three of the most eminent hydraulic 
enginers in Euiope l)e appointed for the purpose of considering the several 
s(*hemes, and advising the Egyptian Government as to which of them should 
be adopted. We have further requested that the members of this technical 
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commission should come to Kj:;;ypt next Feln-iiarv, personally visit the ilitiei'ent 
proposed sites, examine the designs and estimates, and then su])mit their views 
to the Government. 

We have asked for this ('ommission, not from anv want of (confidence in 
oui'selves or in our stati\ but consideiinir the ffiiranti(» nature of the work and 
the Vtistness of the interests involved, we have preferred sul)ordinating our 
Jud«>-ment to that of men justly celebrated for their mastery of all subjects 
connected with Hydraulic enjrineering. Onro then that this commission has 
pronounced its opinion, the (rovernment will feel certain that it is not embarkinjJT 
upon an enterprise which may well be termed colossal, without having obtained 
the best scientific oiunion upon it available. 

auestions The (luestious to be considered l)v the te<dmical commission ai*e as 

to be ^ ^ 
considered folloWS I 

TeJhnicli 1. The proposal to construct a dam at some point of the Nile between 

Commission, ^y^^j- [jc^jf^ .^,^^1 Qairo, aud to fomi a storaure reservoir in the vallev of the 

river itself. 

2. The proposal to (*onstruct a storage reservoii' in the \Vadi liayyan 
depression in the desert. 

:i. An examination of all the designs, plans and estimates prepared by us 
for the different proje(*ts. 

4. An opinion as to w^hether the sanitary condition of the country will be 
affected in anv wav bv the storage of such a bodv of water as is now lu'o- 

« t . v.. * 1 

poseil. 

5. A selection from among the different projects which have been submitted 
for the information of the Egyptian Government. 

auestioiis Besides the matters referred to the technical commission there are others 

to be ' 

considered of grcat importaucc connected with this project which we propose taking in 

Works hand departmentall}' : — 
Department. ^ ^j^^ mcthod of utiHsiug thc cxtra water stored in the i-eservoirs. 

2. The works rendered necessary in Upper, Middle and Low^r Egypt for 
the utilisation of the water. 

:i. The effect on Upper Egypt of a complete or partial suppression of the 
basin system and its replacement by perennial irrigation. 

t. The effect on the Nile in Lower Egypt of tiie suppression of the Upper 
Egypt basins. 



Appendices 
XI aud XII. 



On these latter points, I have asked Major Ri-own and Mr. Foster, the 
Inspectors General of Irrigation in Upper and Lower Egypt respectively, to give 
me their opinions. Their views are embodied in their notes which I have added 
to Mr. Willcocks' report as api>endices XI and XII. 
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The first question we have to consider is the amount of water to be stored Amount 

of VITBiBT 

to inei'ease the agricultural yield of the country and bring waste land into required, 
cultivation. The second is whether this water is available in the river, and Appendix xi! 

./» L ^ 1 • 1 Appendix Xn. 

II SO, at what period. 

To facilitate reference, I divide Egyi)t into three parts : — 

Upper Kgypt, or the country south of Assyut. 

Middle Egypt, or the countiy between Assyut and Caii'o. 

Lower Egypt, or the country north of Cairo. 

As no revenue survev has ever been made of Eirvnt, it is difficult to arrive 
at exact figures about the land which it is proposed to irrigate. 

In Upper Egypt, Mr Willcocks and Major Brown are practically at one 
in their estimate of the area. I agree with Major Brown in accepting Mr. Will- 
cocks' figures as they are slightly the higher of the two. The area of this portion 
of the countrv mav then be considered as 1,200,000 feddans. Both a^^ree as to 
the quantity of watei* required per feddan, and consequently I am again in 
accord with Major Brown in choosing Mr. Willcocks' figui'es as being higher 
than his for the total of water required. 

On pages 7 and 9 of Mr. Willcocks' Report are to l)e found in detail, the 
amount of water required per diem per feddan commanded, the total discharge 
required, and the amount of water available in the river at its lowest and in 
years of minimum supply. A comparison is then made between the quantities 
available and required; and the amount of deficiency, which the reservoir 
would have to make good, is calculated. 

For Upper Egypt, the total quantity needed to be stored is 1,100,000,000 
cubic metres (see paragraph 19). 

in Middle Egypt, there are again slight diflerences between Major Brown's 
and Mr. Willcocks' figures and a^rain I select the hi^'her. These fi^^ures are 
given in para. 19 of the report and amount to an area of 1,20(),000 feddans 
and a total of 950,000,000 cubic metres of water needed to l)e stored for the 
requirements of the country between Assyut and Cairo. 

On referring to the details of requirements, it will be noticed that the 
period during which water will i)e taken from the reservoir differs slightly 
for Ui)per and Middle Egypt : for the former it is fixed as between the 1st March 
and the 15th July, whereas for the latter the dates are from the 1st April to the 
:31st July. This has its explanation in the different climatic conditions of the 
two regions: the further south we go, the higher is the temperature, and the 
earlier the demand for the increased water supply. Again, the relief afforded by 
the arrival of the early flood is felt sooner in Upper than in Middle Egypt, 
which latter more nearly approaches Lower Egypt in its agricultural conditions. 

In Lower Egypt, there is no great difference between the area of 
cultiva! \\ land as given by Mr. Willcocks in pai*a. 8 of his report and by 
Mr. Foster on page 5 of his note. The former makes it 2,7 40,000 feddans, and 
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the latter 2,807,803 by including partially eultivatecl lands near the sea. We 
may then in round numbers take the cultivated area at 2,810,000 feddans. In 
addition to this, there is the area of waste and salted land, known as the ^ 'Birrya'\ 
at present uneulturable, and covering an extent of some 1,200,000 feddans. Of 
this area, Mr. Willcocks in para. 10 estimates that half, or (500, 000 feddans, 
might be brought under cultivation by an increased water supply in summer. 
I considei* the above as the \evy outside that is likely to be reclaimed for many 
years to come. To keep his total the same as Mr. Willcocks, Mi*. Foster assumes 
this Birrya land at 530,000 feddans and eventually gets his total area as : — 

Cultivated 2,810,000 feddans 

Waste land to be reclaimed 530,000 » 



Total 3,340,000 » 



As to the quantity of water required, Messrs. Willcocks and Foster agree 
very closely in the total, although they differ in details. The following are the 
comparative quantities of water needed te be supplied by the j*eservoir as 
<!alculated by them : — 



Ol'A.NTITY HKOI IHKD Ot'A>TITY REUt'IKKD 

aclokdinu A(:<u>rdik(; 

TO Mr. Foster. to Mh, Willmm.ks. 



April 37,500,000 cubic metres 70,000,000 

May 275,000,000 » 280,000,000 

June 495,000,000 » 330,000,000 

July 744,000,000 » 820,000,000 

Total 1,551,500,000 » 1,500,000,000 



The difference between these figures is 3 '/^ per cent. — Since Mr. Fosters 

figures are the higher, I accept them. 

For the w-hole of Egypt, we therefore need a reservoir w^th a storage 

capacity of: 

Upper Egypt 1 , 100,000,000 cubic metres 

Middle > 050,000,000 » 

I^wer > 1 ,551 ,000,000 > 

ToTAi 3,001,000,000 > 



If Upper Egypt be omitted for the present, we need a reservoir for Middle 
and Lower Egypt with a storage capacity of 2,501,000,000 cubic metres. 

It must be remembered that the above figures have been worked out from 
the discharges of the river in a year of exceptionally bad summer supply like 
that of the years 1874, 1878, 1889 and 1890. These four years were the only 
ones in the last twenty in which the summer supply fell abnormally low ; and 
consequently during the remaining sixteen years there w^ould have been, with 
the reservoir in existence, a supply of water considerably in excess of require- 
ments if we even included the reclaimed area. Questions may legitimately be 
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asked as to the utility of making the reservoir of greater capacity than that 
which would be needed in sixteen years out of twenty. My reph' is that: — 

1st, we cannot calculate that the proportion of years of low and high 
summer supply will alwaj^s be constant. 

2nd, that as cultivation improves and expands, the damage done to public 
and private interests would be proportionally greater in the future than at the 
present time, when we cannot consider the crops as alisolutely protected against 
drousrht. 

There is yet another reason why, in my opinion, we should endeavour 
to have a surplus supply of water available. It would be possible to turn this 
surplus down the Rosetta and Damietta branches of the Nile during the period 
ofextreme low supply, when the Barrages would be otherwise hermetically closed, 
and when in consequence the sea water would run up the mouths of the river 
for a considerable distance just as it does at present. It is difficult to ascertain 
from the statistics of the mortality in the towns of Lower Egypt whether the 
death rate has really increased during the months of June and July in the towns 
situated upon the Nile since we first took to regulating seriously at tlie Barrage. 
It was in 1886 that we began this extreme regulation, and previous to that year 
statistics are not easilv obtainable. I tabulate here the best information I have 
been able to get, of four towns in the Delta on the Branches of the river, and 
three towns in the Interior. The death rate is calculated on the census of 1882, 
though in all the towns, except Rosetta, there has been a steady increase of 
population. 

Mortality during June and July. 



Town^ situated on the Ricei\ 


MEAN DBATIl HATR 

PKR 1000 

ON TUF. CKNSUS 

OF !8'<2 

FOR THI-: YKAR.S 

1880-1 «85 


MEAN DEATH RATE 

PIR 1000 

ON THK CENSl'S 

OF 1882 
FOR THE YEARS 

18ai-1892 


INCREASE 


DKr.RBA.SK 


Benha 


62.7 
51.4 
24.4 

2().8 


48.1 
62.7 
27.0 
17.4 


li!3 
2.6 

• . 


14.6 


Mansura 




Damietta 

Rosetta 


• • 

3.4 


Towns in the Interior, 

Sliebin el Koni 

Tanta 


62.7 
49.9 


65.4 

' 67.4 

53.5 


12.0 
4.7 
3.6 


• • 


Zacrazij? 




*-*^o o ■•••••••••••■ •••••••••••• 





Not much can be gathered from the foregoing. The towns situated upon 
the River have alone experienced the effects of the low supply ; and of them, two 
have apparently had a fall in their death rate, while one of the two where the 
rate has risen is Damietta, which has been supplied by Government with a large 
cistern, from which the greater part of the town gets its water supply. The 
death rate of the three towns in the Interior has apparenlly risen since 1886, 
and yet in each case the water supply has been considerably increased in this 
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intoi'val. With these figures before us, ii is diilicult to accej)! llie lact that the 
cutting; off of the supply in the two Branches lias raused any large increase in 
the death rate, more especially when we consider that no account has been taken 
of the stearfy increase of the jjopulation. 

I am far from savinir that no in(*onvenience has been caused bv our 
I'cducing the supj)ly in the river in order to increase that for irrigation, but his 
inconvenien(*e has been trilling in comparison to the gain to the towns and 
villages that have profited by an increased supply in the canals. I think liowevei- 
that we should try, if possible, to remove this inconvenience by increasing the 
storage capacity of our reservoirs, and insuring a suj^pl^' l)cing j)assed down 
each branch of the river even (hii'ing the years of low supply. In years of 
ordinary and good supply, I have shown that we shall have this supply 
available. Sir Colin Scott Moncrieff in his note on '* Nile Reservoirs '* 
allowed for a volume of 5, 000, 000 cubic metres per day being passed down 
the two liranches. We may take the period of low supply as 50 days. To 
allow for ibis extra storage of :?r>0,000,000 (*ubic metres of water, we should 
have to add from I.. E. 1:20,000 to I.. E. 200,000 to the estimated cost of the 
reservoirs, ac(*ording to the site selected. 

If however Ave consider the reservoirs Iviuy; between the first and second 
cataracts, we have, I think, at hand an additional storage area which will 
sutlice for these extra requirements. Throughout the whole of this reach, great 
ravines ( known loctilly as '* Khors '') run up through the hills on either side. 
Manv of these are of verv considerable sectional area and extend to a distan<*e of 
several kilometres from the river. The capacity of these khors has not been 
included in that of our reservoii's and yet it would amount to a verv consider- 
able figure. 1 estimate that it would suffice to supply the extra water needed 
for the two branches of the Nile downstream of the Barratre. In our estimates, 
we have also allowed for a considerable enlarging of our riverain canals on both 
branches. This enlargement will directly benefit the Towns on the river. 

Supply Mr. Willcocks, in page 15 and 10 of his report, gives figures to show 

of Wfkttir 

available the amouut of water available in the river for storage purposes even in 3'ears of 
tiie*^rvo?r8. Very low supply. If the reservoir selected be in connection with a dam in the 

J^gf Js. Nile valley, the months during which watei* would be taken from the Nile 
would be those after the passing of the flood, viz: November, December and 
January. Making an allowance of 1000 cubic metres per second for navigation, 
which is considerably in excess of the requirement of irrigation, Mr. Willcoks 
estimates that (*) 6,100,000,000 cubic metres could be stored after tlie flood in a 
year of bad supply. This amount is nearlj' double that needed for the whole of 
Egypt. 



(I) Sim-c Iht? cilnne calculntions were made, the discharges uf tlie Nile on a falliiit: ^niijif' li.ive 
jM.»efi Uihled. Tlicsc* Hgures nm in coiiseiiuenee reduced to o,000,0U(),000 ouhi«; iiieliM's. This ainounl i- 
however more Hum ample for our requiroments. 

— 12 — 



AND FLOOD PROTKCTION FOR EGYPT ». 13 



As regards the W'adi Ray van project, it would at any rate during its period 
of first filling take its supply from the river during the time of highest flood ; 
when it was once filled it could under certain conditions he fed yearly from the 
Bahr Yusuf, which, with the help of a dam at Assyut, (*ould carry a largely 
increased discharo;e. The figures hefore given are then equally ap})licable to the 
supply available for the Wadi Rayyan, which having only to serve the country 
to the north of Cairo, would require to store only sufiicient for that area. We 
may therefore safely assume that for either project there would be abundance 
of water always available foi* storay:e. 

The gain to be obtained by the introduction of perennial h*riu:ation would ^*^" 

^ ^ * "- to the country 

be of two kinds : — oat^e 

introduction 

(1) Dire(*t gain to the State from the sale of the reclaimed lands and the of perennial 
increase of the annual revenue derived from them. Appendix xi. 

(2) Indirect gain to the State, ])ut direct gain to the counti'v, resulting 
from the increased value of the agricultural produce, the rise in the price of 
land, and in the land rents. There would in all probal)ilit3^ be a considerable 
increase in the Customs revenue owing to the increased wealth of the country, 
while new industi'ies would probably spring up to meet the requirements of the 
increasing population. 



(1) The direct <>:ain to the State as shown l)y Major Brown and Mr. Fostei* "^^^"^^3^^ 

y / ri t/ J to the State. 

in Appendices XI and XII would l)e on : — 

40,000 feddans in the Favoum Province. 
10,000 > in (jiza Province. 
530,000 > in the northern l^rovinces. 

580,000 feddans in all. 



Mr. Foster estimates the maximum sum that may safely be estimated for 
as obtainable from the sale of the lands in Lower Egypt at L.E. 200,000 only, 
as the purchasers would have to spend considerable sums in reclamation. This 
sum, at 4 per c^nt, represents a steady addition to the revenue of L.E. 8,000. 
As regards increased revenue from taxation, it is certainly taking a moderate 
view if we estimate the tax per feddan at 50 piastres on 540,000 feddans. 
The total for Lower Egypt would ])e therefore : — 

Sale of lands L.E. 8,000 per annum. 

Increased taxation > 270,000 > 

Total L.E. 278,000 per annum. 
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In Mifldle Kgypt, Major Brown points out that, the Daira Sania beinj*; a 
(Government Kstale, the State itself would he a larj^^e f»:ainer. He estimates 
the rise in annual rents of this administration at L.E. 400, OOO per annum. 
He fui*ther remarks, and with justice, that the l)asin lands, which at present pay 
a low^er rate of taxation than those receiving '\Setl" irrigation, should on reaj)ing 
the same advantages, pay the same taxes. This I consider perfectly fair. The 
485,8.% feddans of hasin land, if taxed at an additional 30 piastres per feddan, 
would bring in an annual revenue of L.K. 151,750. Lastly the 40,000 acres 
of reclaimed land in the Faj^oum would pay a tax of L.E. iO,000 por annum. 
The direct annual gain to the State for Middle Eg^'pt becomes therefore : — 

Increased revenue Daira Sania lands L. E. 100,000 par annum. 

Rasin lands taxed as '^Sefi" > 151,750 > 

Reclaimed land in the Fayoum > 20,000 y^ 

ToTAi L.E. 571,750 > 

From Upper Egypt 1 allow for no direct gain to the State. It is true that the 
taxes of the basin lands might ])e raised, but I do not consider this to be advisable. 

This tract is, on the whole, the poorest part of Egypt and is under very 
special conditions as to climate and distance from a sea-poi*t. 

Adding up the direct gains of Middle and Lower Egj'pt, we obtain a yearly 
increase to the State of L. E. 850,000, equivalent, at 5 per cent, to capital of 
L.E. 17,000,000. 



Direct gains 

to the 

country. 



(2) The gain to the country. 

The following estimates are liable to modification by a fall in the prices of 
produ(?e. The^^ are based on present prices. 

Major Brown and Mr. Foster have worked out these figures in great detail, 
and I would refer any one desiring further information on the subject to their 
notes. The former says : "'When there is an increased supply from a reservoir, 
the value of ordinary ^'Sefi'' land will increase from L.E. 30 to L.E. 10 per 
feddan and rents will rise from L.E. 3 V^ to L.E. 5 per feddan, while the 
yield of the land will increase from L.E. 7 to L.E. per feddan. The basin 
and ^'Sahel" figures will also rise to the same as the increased figures foi* 
ordinary *' Sefi '' land ". 

Major Browns' figures for Upper Egypt are : — 

AT PRF.SFM. KITURK KNHANilKD VAl.rK. INC.RF.AhF. 

Value of land L. E. 12,915,960 — L. E. 35,965,300 — L. E. 2:VJ19,:U0 

» yearly rental » 2,666,450 — » 4,110,320 — » 1,443,870 

» yearly produce » 3,583,385 — » 8,220,040 — » 4,637,255 

Middle Egypt : — 

AT PKFbK.JiT. FIITLKE. IN( nF.\-«l . 

Value of land L. E. 20,420,400 — L. E. 43,575,240 — L. E. 23,148,810 

» yearly rental » 3,159,998 — » 5,506,905 — » 2,316,907 

» yearly produce » 5,178,786 — » 9,861,429 — » 1,685.6^13 
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The above figures are startling. Major Brown has however very great 
experience in agricultural questions in Upper Egypt and has had special oppor- 
tunities of studying them. He has shown in his note in considerable detail how 
the figures upon which he bases his estimate have been arrived at. Even 
allowing that the eventual results may not quite bear out his anticipations, his 
figm^es are so high that a very considerable deduction might be made from his 
totals and yet leave an exceedingly large margin of profit to the country. 

Mr. Fosters' totals for Low^r Egypt are much smaller than those for 
Middle and Upper Egypt, as the t^reater portion of the former is at present 
perennially irrigated. His estimates are for increased value of annual produce 
alone : — 

PBK ANMUM 

Increased value of the cotton crop . L. E. :i80,0()0 

Increased value from Sefi lands not at present under 

summer cultivation » 1)75,000 

Increased value of the rice crop * (^30,000 

» >► > winter crop > 795,000 

> » > maize crop > 480,000 

Total L. E. 3,290,000 

It must be remembered that in thus estimating the probable gain to the 
country, both in Upper and in Lower Egypt, we are dealing with the eventual 
increased value. This increase will not be felt at once, but will take years to 
arrive at. In Upper and Middle Egypt, the gain will be more quickly felt than 
in Lower Egypt, as the transformation of the system of cultivation will be 
greater and will take much less time. 

The different Reservoir projects are discussed in paragraphs 38 to 83 of 
Mr. Willcocks' report. They fall under two heads : — prpjecu 

considered 

(1) A dam across the Nile at a suitable site, with the valley of the river by 

Mr. VTiUcoclu 

itseli as the storage reservoir. in his report. 

(2) The filling of a depression in the deserts from the Nile in flood and 
using it as a storage basin. To the former class belong the Kalabsha, Phila». 
Assuan cataract and Silsila projects; and to the latter the Wadi Rayyan 
scheme, w^hich has for years been so persistently urged upon the Government 
by Mr. Cope Whitehouse. 

Paragraph 36 of the report contains a histoi*y of the Reservoir question. 
So long ago as 1873, the distinguished French engineer. Linantde Bellefonds 
Pasha, suggested the Silsila gate of the Nile as a suitable site for a regulating 
weir; it was another Frenchman, Count de la Motte, who further developed 
the idea and proposed a reservoir dam at the same site. Owing to financial 
difficulties, however, nothing was done until 1889 when Mr. Prompt, the Fi'ench 
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meml)or of the Kiryptian Railway Hoard, pressed upon the (Tovernmont the 
necessity of siudyinjj: the ([uesUon. Mr. Willcocks was then d<*i>iile(l to take up 
the projeet as a whole, not only as i-eirards (iehel Silsila, hut also as re;i:ards 
the entire Nile vallej' hetween the 2nd Catanu-t and Caii-o. This rejjort is the 
results of his four vears' stud v. 

Proposed type Ilitlierto all pro[)Osals for reservoii's have \)eon hased upon desiirns for solid 

and' dams to stoi-e up the muddy waters of the Nile flood. Mr. Wilh^ocks' 

ofthe^suuSg desifTu diftei's essentially from the pivvious ones. He proposes a dam pi-ovid(\l 

hereLrwirs. ^'^^'^ uumerous and very larire underslui(*es which would pass the entire 

^^^^ flood waters, heavilv charired as thev would be with deposit. The cdosin«i:of 

page 10. t, •- • i tr 

these undersluices for reirulation would not heuin until the flood ha<l passed. 
Mr. \Villro(dvS claims that only hv this method ran the reservoir he prevented 
fi*om irraduallv siltinir up. Lt. Col. Ross, in his note written in ISDl, fullv 
endorses Mr. W illeocks' views, and adds that any system of solid dam, throuirh 
which the flc^od waters cannot pass, with pra(*tically a full and unimpeded 
waterway, will inevitably lead to the certain diminution of its stora^^e capacity 
and the eventual siltin^^ up of the reservoir. \Vith this opinion I am eutii'ely in 
ac(*ord. The Nile durinjj: the month of Aujrust, September and October is heavily 
charged with solid matter in suspension (see page 12 of the Report). Any 
obstruction, like a solid dam, which would interfere with its flow and check 
its velocity dui'ing flood, would cause a very heavy deposit of silt upstream of 
the work. No ordinary scouring sluices could be eflectual enough to keep such 
a channel clear. The only effective method is to allow the Nile flood a free 

passage. 

Mr. Willcocks, on page 11 of his report, gives instances of solid dams in 
existence, in which the scouring sluices have failed to prevent the silting up of 
the reservoirs. In India, we have had much experience of these facts. If Algerian 
and Indian torrents have been able to completely All up reservoirs with deposit, 
we may reasonably conclude that the Nile, with its high floods which las< for 
three months per annum, and are heavily charged with mud, will most (»errainly 

do the same. 

It is true that during the months of November and December in low yeai's, 
and December and January generally, when the I'egulating gates will be (*losed 
and the reservoir allowed to fill, there will still be a cei'tain amount of matter 
in suspension in the river. It is however so insignificant in quantity as compared 
with the amount existing in flood that 1 think it may be neglected. Any silting 
that would take place upstream of the dam under these conditions would be, in 
my opinion, very gi*adual and very limited in amount, and w-ould in all proba- 
bility disappear on the opening of the sluices in flood. If the deposit could not 
be removed, its accumulation would be so slow that I think it is hardlv worth 
takinir into account as an objection to the dam. 
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Objections however may be, and indeed have been made, against any dam Possiwe 

objeotiona 

for storing water in the Nile valley itself. The principal ones that have l)een to dams 

iD the valley 

formulated are : — of the Nile. 

1. That its construction presents insurmountable engineering difficulties. 

2. That, from a strategic point of view, it would be unadvisable to expose % 
Egypt to the danger of having its summer water supply suddenly cut off by a 

hostile force seizing the dam. 

3. That an earthquake, or even faulty construction, might expose it to 
an accident which would cause such a flood in the river as to sweep away 
every vestige of civilization from the site of the dam to the apex of the Delta. 

4. That the water stored in the reservoir would be stagnant and become 
polluted, and thus be capable of poisoning the water supply of Egypt. 

I shall consider these objections in detail. Alleged 

difficulty 

1. It may be admitted that a dam of the kind now proposed, if built in a of 

construotion 

river like the Nile, would be a work of great magnitude ; greater as regards its of the dams. 

length and its power of control than any similar work hitherto attempted. In 

height however it would be surpassed by many dams in existence (see appendix I 

and pages 10 and 1 1 of the Report). Its great length would certainly increase 

the number of possible weak points, but beyond that it would be in no way more 

dangerous than dams of greater height and less length. The pressure against the 

work would be dependent on its height and not on its length, and as before 

remarked its height would not be extraordinary. There would also be the 

question of the foundation on which it would l)e constru(»ted. Fortunately for 

the stability of the work, it would be founded on solid granite, or sandstone 

in situ ; it w^ould be built with exceptionally good building materials, and with 

the most liberal supervision. Under these conditions, I cannot accept the fact 

that the engineering difficulties are insurmountable ; I go further and saj" that 

these difficulties will be found to have been greatlj^ exaggerated and to have 

been no greater than those which have so often been successfully overcome 

by Hydraulic Engineers. 

2. The strategic side of the question hardly comes within the scope of Alleged 
discussion from the engineer's point of view. It is for the military and political disadvantages 
advisers of His Highness the Khedive to consider and decide whether this danger ° * ™'" 
be imaginary or real. For my own part, I can hardly imagine the possibility of 

Egypt existing as a State and yet not holding complete command of the frontier 
between the 1st and 2nd cataracts. With this frontier in hostile hands, it seems 
to me that the subjection of Egypt itself would soon follow, and under these 
circumstances the loss of one summer's water supply would be a comparatively 
minor evil. 
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Alleged *J. The possibility oi the failure of the Jam is a perferil}- legitimate 

KDger from 

a failure crilicisin, and cue which would naturally i)e maile by any one who had to 
consider the project. As regards failure by an earthquake, this is a risk run 
by every great engineering work in the world. The risk of destruction by design 
or violence comes under the same cate^rorv. If the dam be built, it will of course 
be properly guarded, and the contingency of its destruction need hardly be 
discussed. 

With respect to the failure of the dam by reason of its own instability or 
inherent weakness, 1 can only say that we submit our designs and calculations 
to the opinions of the eminent engineers of the technical commission, who will 
advise the Egyptian (lovernment on this matter. Once the design is approved, 
we shall insure, as far as lies in our power, that the work be built with the 
most relialde materials and with minute supervision oi' each and every detail of 
construction. 

It might still be urged that, in case of failure, the risk of disaster to the 
country would be so great that it ought to outweigh eveiy other consideration. 
In my opinion however, this risk would not be so great as it might appear to be at 
first sight: and even, if the dam were to fail, the damage done to the country 
would be comparatively small, although there might be givat but temporary 
inconvenience and pecuniary loss. 

It is quite true that dams have failed and resulted in great loss of Hfe and 
property, but in every (*ase there has been some reason for the failure, such as 
inferior foundations, faulty designs, or weak materials used in construciion. 
Dams which have been founded on sand and clav, on sandstone, and on infei'ior 
limestone have at times tailed; but 1 know of no instance of failure of a work 
built upon a sound granite bed and constructed oi massive l)locks of granite put 
together on sound mathematical principles. Thus founded and thus built, no 
failure should be possible, and even if it were it would be local and confined. 
No comparison can be made between its failure and the failures of earthen dams 
or dams built on weak foundations. The granite at Kalaljsha and at the Assuan 
cataract, standing in the position it does, wf^rrants its a])ility to supiK)rt any 
pressure of water and to provide aperfe(*t loundation. The massive granite blocks 
of the superstructure laid in hydraulic mortar and cement promise to be almost 
as strong and as lastim? as the natural rock itself. The failure, if there were anv, 
would be confined to a single opening or group of 10 openings, thai is to say to a 
length of 47 metres of the dam. Each such length would be Hanked l)y solid 
abutments of great sti*ength, which are provided in the designs, and which 
would be capable of resisting any shock. The height of the dam, whei*e it is 
pierced with sluices, and where an accident would first occui*, would be 2t 
metres and its breadth U> metres, and a section which failed (*ould not be 
carried away in a moment or even in a season. The greater portion would lie 
where it fell, forming an obstacle to the water, and })reventing any sudden 
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escape. I do not think that anything short of an earthquake or an explosion of 
dynamite could shake the massive abutment piers. Even were an earthquake to 
shake the whole structure, it would onlj^ fissure it, and cause portions to fall in, 
without bringing down the wdiole : since each running metre of the dam has been 
designed as strong enough to hold up the maximum head of water independently 
of any lateral support and of any tensile strength in the mortar itself. I maintain 
then, that if the work were seiiously shaken by an earthquake, occasional huge 
masses of masonry might fall down, but they w^ould remain where they fell and 
create another cataract over which the water of the reservoir would escape l)y 
degrees . 

It must not ])e forgotten that were an a(*cident to occur, it could only o(»cur 
when the reservoir was full, or being filled ; it would occur therefore in winter 
or summer when the river was very low. A glance at the cross sections of the 
Nile vallev between Assuan and Cairo will show how insignificant will be the 
summer section of the Nile, even when it is increased by the discharge from the 
reservoir, as compared to the sectional capacity of the river itself. The trough 
of the Nile valley between Assuan and Cairo could accomodate 7,000,000,000 
cubic metres, while a Nubian reservoir would have a length of some 300 
kilometres, a head of water of 22 metres, and a maximum capacity of 
3,600,000,000 cubic metres. 

If we suppose the extreme case of an earthen dam at Assuan holding up 
22 metres of water and failing suddenly, we can calculate from our observed 
sections and discharges that 160 kilometres of the Nile vallej^ south of Isna 
would be inundated, but the maximum rise at Cairo would hardly be 5 metres 
or 19 pics on the Roda gauge. This would be an extreme case, and even then it 
would be tempered b}^ the bar to the progiess of the ^^'ater offered by the narrow 
Silsila gate of the Nile. This gate would throttle the sudden escape of the water 
and greatl}' reduce the volume, while it lengthened out the time. With a ma- 
sonry dam built on a granite foundation, such an accident would be almost an 
impossibility. The failure of a group of undersluices might result in the Assuan 
gauge rising to a maximum of 10 pics, and the Cairo gauge to a maximum of 
15 pics. I quite allow that, were a limited portion of the dam to give way, there 
would be a certain amount of damage done by the loss of the portion of the 
summer supply, but the damage would be reparable ; and the risks of its 
occurring are so small that, in my opinion, they are completely outweighed 
by the great benefits which would bo conferred on the country by the construction 
of such a reservoir. 

4. I have now to consider the contingen(*y of the water stoi'ed becoming Alleged 

pollution 

stagnant and injurious to the public health. It is argued that the water of the water 
in the reservoir being stationary, and Nile water in May being poisonous reserToir. 
and containing organic germs dangerous to human life, germs of disease 
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would be developed under a tropical sun. I answer that in the first plac^e, 
the term stagnant is a misnomer. A reservoir with a minimum discharge 
of 50,000, 0(H) cubic metres per day, which is equal to 20,000 cubic feet per 
second, and is in excess of the maximum discharge of the Rhone at Geneva, 
(which is 18,000 cubic feet per second), can hardly be called stagnant. There 
will be a constant flow through the whole body of the water stored. In the 
second place, I remark, that those who assert that the Nile is poisonous ai 
Khartoum in May, appear to forget that, poisonous or not, this water has 
always been, and is to-day the only source of water supply to Egy})t. 

The water in the reservoir would be stored at a time w^hen it is was 
perfectly pure, it would have a very great «lepth, and be constantly flowing. 
When the so called poisoned water entered the reservoir, I contend that it 
w^ould be so diluted by its mixture w^ith the immense body of pure water into 
which it would be dischai'ged, that, if anj'thing, its deleterious influences would 
be rather diminished than increased. M. Charpentier de Cossigny in his work 
entitled '^ Hydraulique agricole" (Encyclopedic des Travaux publics) discusser 
the question of depth of water in reservoirs in its relation to the prevention of 
pollution of the water, at considerable length, and is of opinion that it is only in 
shallow tanks that this pollution is to be dreaded. 

If bacteria could be produced by the medium of the hot sun upon the water, 
regardless of its depth, then it appears to me that the obje(»rions made to the 
Nubian dams upon this score would be equally ap))licable to the Wadi Rayyan 
project. In this latter, case there would also be a large body of water exposed 
to the sun's rays, and really stationary every year between the last day of 
filling and the first day of emptying. In the Nubian reservoirs, on the conlraiy, 
there w oiild never be a single minute of the day wiien the great dam would not 
be discharging suflRcient for irrigation and navigation. 

Far from believing however that in either case the Reservoir water w-ould 
be injurious to the health of the people, I am of opinion that their health would 
be benefited by the increased supply both in the river and in the canals. 

As regards the possibility of damage to the country north of the dam by 
percolation resulting from the great differences in water level at the dam itself, 
one has only to inspect the proposed sites to see that this could not possibly occur. 

renerai On pages 13, 14 and 15 of the Report, is a clear description of the general 

the dam lincs followed by Mr. Willcocks in designing his dam, and of the method of 

vm^^. regulating it. I need not then do more than very briefly allude to this part of 

^g^Ts. th^ subject, more especially as at every stage throughout the period of preparing 

his designs, Mr. Willcocks has conferred with, and consulted me. No single 

important detail has been finally decided upon until we have come to a complete 

accord. I accept my share of responsibility for the production of these designs, 

and submit them to the consideration of the technical commission with this 

understanding. 
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The proposed dam is a solid wall of graoite masonry pierced l)y 100 or 120 
openiags or undersluiees, provided with regulating gates. The total ai-ea of 
waterway allowed is from 2000 to 2400 square metres, calculated to pass a 
mean high flood at Assuan of 10,000 cubic metres per second with a mean 
velocity of 5 metres per second and a head of 2 metres. In the case of an 
exceptional flood amounting to 14,000 cubic metres per second, the mean 
velocity would rise to 7 metres per second and the head to 4.25 metres. A 
flood of this volume, which is the highest kaown, is exceedingly rare, occurs 
two or three times in 20 years, and for a few days only on a quickly rising Nile. 
The undersluiees, lined as they will be with massive blocks of granite ashlar, 
will be perfectly capable of standing such velocities. 

Each undersluice will be 10 metres high and 2 metres wide. Mr. Willcocks 
strongly recommends that tlie regulation be performed by means of Stoney's 
patent self balanced roller gates. I have personally inspected gates of this type 
working in England, and am in entire accord with Mr. Willcocks. They are, in 
my opinion, the best type of regulating gates yet designed, and I know of no 
others which could be successfully worked in openings of this size subjected 
to such considerable heads of water. Appendix IV contains a report by 
Mr. F. G. M. Stoney on the gates proposed by him for the undersluiees. I 
hope to have a gate of this type set up and in working order in this country 
before the arrival of the technical commission. 

A chief feature of the dam as designed by Mr. Willcocks is the pla(*ing of 
these undersluiees at varying depths. The varying levels of the rock in the 
bed of the river lend themselves to this design, which insures that no gate will be 
worked under the extreme head upon the dam. At the time of closing, the 
lowest gates will first be shut ; and, as the water rises, the gates at a higher level 
will be lowered. At the time of opening, the process will be reversed, and 
the highest gates will first be opened ; and, as the water falls, the gates at a 
lower level will be raised. 

The dam will be solid wherever the depth of water in the reservoir is 
more than 32 metres. No undersluice will have its sill more than 10 metres 
above the living rock under its own base. 

The dam in plan will be generally built on a curve after the pattern of the 
great French dams. It will be provided with massive abutment piers, 
10 metres in thickness, at intervals of 57 metres centre to centre. These piers 
will add strength to the work, and help to localise an accident if it should 
ever occur. 

Navigation will be provided for by a separate lock channel furnished with 
locks, capable of passing our river steamers. Mr. Willcocks' designs show a 
double lock with a total lift of 25 metres divided into 12 and 13 metres. I 
think this would necessitate gates of unworkable dimensions, and I prefer having 
four locks, with no lift greater than 6.50 metres. Mr. Willcocks has allowed 
for this in his estimates. 
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The different I DOW come to the most difficult, and certainly the most important, part of 

for the dams Hij task, viz I thc responsihilitv of recommending to the Egyptian Government, 

^^e^^' the selection of one particular reservoir in preference to the others. Last Novem- 

Ap^ndii^vii. b^^? accompanied by Mr. Willcocks, I inspected all the different sites, and the 

observations which follow have been compiled from notes made on the spot. 
Before commencing my remarks on tlie different reservoir sites, I think I ought 
to state why it is that the second or Wadi Haifa cataract has not been included 
in the number of our proposals. 

The second cataract, or rather series of cataracts, stretches for a length of 
200 kilometres between Dal and Wadi Haifa along the Ratn-el-Haggar (see 
Appendix HI page 5). The total fall of water surface is 66 metres. It is 
owing to this excessive fall that any dam constructed within the Batn-el-Haggar 
would have to be excessively high in order to store the amount of vater required 
* for irrigation. The only point in this reach, at which a dam holding up a large 
volume of water might be constructed, is its southern extremity, Dal, which is 
beyond the existing Egyptian frontier and beyond our power of studying at 
present. We are therefore compelled to omit it from the number of possible 
sites, at any rate as far as the present project is concerned, 

KaiabAha site. I beglu with tlic sitc most to the south, and work northwards. At the 

pag^^M. Kalabsha gate, the Nile passes through a channel some 150 metres in width, 
and 30 metres in depth at the time of low supply. Here of course, owing to the 
permanent depth of water, any construction of a dam is practically impossible. 
About 2 7« kilometres further south, the river is wider and divided into several 
channels, in all but one of which the water in summer is not more than 9 metres 
in depth. At this spot, we have a good site upon which to construct a dam. 
The rock is everywhere granite of good quality except on the extreme left flank 
where we have a hard and compact diorite. The only weak point at this site is 
the depth of water in the right hand channel, which would render construction 
difficult. Soundings disclose rock generally at a R.L. of 78 metres, though in 
places it is as low as R.L. 74. Since the minimum summer level is R.L. 93, it 
would be necessary to get in the foundations under a head of 19 metres of water. 
The total length of this deep portion is only 1 00 metres, and the rock is apparently 
sound and good. I know that it is possible to succesfully put in foundations 
by means of compressed air at greater depths than 19 metres, but I confess, 
that when I contemplate the importance of the work and the pressure which 
would come on it, I prefer insisting on the entire length of foundation masonry 
being built in the open and capable of easy inspection. Under these conditions, 
we should need very massive cofferdams for this portion of the work. The 
cofferdams would be costly and difficult to manage, and its is the great depth of 
water in which they would be placed which constitutes the principal objection 
to the Kalabsha site. A sum of L.E. 250,000 has been entered in the estimates 
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for cofferdams. A reference to the plan uill show that neither on the upstream 
nor on the downstream side of the proposed site is there a line aci-oss the river 
which does not encounter a channel as deep as the deepest point in the site itself. 

I have requested Mr. Willcocks to have some borings made in the nwev 
bed at the proposed site and to the south of it. These borings will be completed 
before the arrival of the technical commission : I have little hope how^ever of 
finding souod rock at a level much above R. L. 74. 

Kalabsha is some 50 kilometres upstream of the Assuan cataract, and 
consequently the crest of a reservoh* dam at the former site must have its 
reduced level considerably above that of a dam at the latter site if the two 
reservoirs are to contain the same volume of waier. 

According to Mr. Willcocks' calculations a dam at Kalabsha works out as 
follows: — 



1 
AREA IRRKiATBD 


U L. OF WATER 

SLRFACB 
IN RE-ERVOIR 


CAPACITY 

OF RKSKRVOIR 

IN CUniC METRES 


COST 


LiOwer Effvot 


114,00 
118.00 
121.00 


1,560,000,000 
2,510,000,000 
3,670,00;),000 


L.E. l,250,UtK) 
» 1,(:00,000 
» 2,(J(J0,000 


Lower and Middle EcrvDi 


The whole of Effvpt 









An allowance of 1 metre or 5 per cent has been made for evaporation. 

1 think that the very utmost limit of safety at Kalabsha, as regards the 
height of the dam, is to be found at R. L. 118,00*". This gives a height of 
44 metres from the crest of the dam to the lowest point of the river bed. In my 
opinion, therefore, we have at Kalabsha a site w^here we might construct a dam 
which w ould create a reservoir capable of supplying water to the country north 
of Assyut. Beyond this, I consider it dangerous to raise the height of the 
reservoir dam . I propose therefore, that, if Kalabsha be the site chosen, the 
dam be raised to R. L. 118,00, and the requirement of Middle and Lower 
Egypt be met for a sum of L.E. 1 ,000,000. 

I may note that, in the estimated cost of L.E. 1,600,000, a sum of 
L.E. 432,000 has been included for compensation for lands and villages 
inundated by the reservoir. The inundation will reach from Kalabsha to 
Toski, and the compensation has been estimated trom figures supplied by 
Wodehouse Pasha, the late Commandant of the Frontier. 



The reservoir site to the immediate north of Kalabsha is the one called 
'* Phila^. " in the report. The alignment selected is a little to the south, or on 
the upstream side of Phila^ island ; and a dam built here would leave the celebrated 
temple untouched. Mr. Willcocks has two alternative lines, but though tliey 
traverse sound and compact granite on the greater part of their length, both pass 
through schists and inferior gneiss on their extreme right. Borings have been taken 



Philae site. 

Report 

page 22. 
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in tlio right (*hannol of (ho river and have gono down aslowasR.L. Tr)\viiliout 
coming on (he sound ro(*k. In spite liowever of the fact, that the rock on 
the right hank is of such inferior quality that 1 consiihM- it not well calculated 
to stand extreme pressure, I feel a reluctance in ahsolutely rejecting this site. 
I have ordered further borings to he made to find out, if possible, the 
depth a< which sound ro'ks exists, though evervthing points to this depth being 
so far below summer water level as to render the construction of the foundation 
masoniT practically impossible. It is with the gi*eatest regret that I feel 
compelled to relinquish the id(^a of this project being i\ good one, as the storage 
area would provide enough water for the recpiirements of tlie wdiole of Kgypt 
and 3'et leave Philre temple untouched. 

According to calculations^ a dam at Phibc works out as follows: — 



AUEA IHRK'rATED 


R.L. OF WATtK 

SL'RFACK 
IN URSF.HVOIR 

110.00 

114.0:) 
118.00 


<:ai»a(:ity 

of ukskrvoiu 

IN <:i mr. mktrks 


i:<)ST 


Lower Egypt 

Lower anl Middle Egypt 

The whole of Egypt 


l,5Gi),000,OtX) 
2,5l0,(K)0,0i)0 
3,670.000.00:) 


L.E. 1.500,000 
» 1, 750,0. )0 
» 2,100,000 



All allowance of 1 metre or 5 per cent, has l)een made for evaporation. 

I j)refer the project for Lower and Middle Kgypt. The 11. L. of 1 1 4 inun- 
dates only the valley from PhibT to Korosko, and leaves the crountry south of 
Korosko untouched. The compensation for lands and villages between PhilaB 
and Korosko amounts to L.E. 350,000 and has been allowed for in the estimates. 



AssuAn 

Sataract site. 

Report 

pages 21 

and 36. 



I now come to the discussion of that portion of the project about wliich 
much has been said and written : I mean the proposed dam at the head of the 
cataract itself, which would necessitate the drowning of PhibT temple for 
several months each vear, or its removal on to another island. 

From a personal inspection of the cataract, I can well understand 
Mr. Willcocks' enthusiastic advocacy of the site. For the purpose of constructing 
a dam it is almost perfect. The rock throughout is, as Mr. Willcocks says, a 
hard and compact syenite or (juartz diorite, except at tlie extreme left of the 
main channel, where the quality is not so good, though it is even here compact 
and capable of resisting the greatest pressure. A reference to Mr. \Villcocks' 
plan of the cataract (Plate N"* 8) shows how wide and shallow is the section of 
the river, and how easy it w^ould be to put in the foundations of a dam. The 
river in summer might be turned down one or more of the different channels, 
leaving the remaining ones drj'. The foundations would thus be jmt in in the dry, 
which, in works for holding up water, is a consideration of the greatest import- 
ance. The rock again is so hard and compact that hardly any blasting, beyond 
pure fount lation work, would be necessary. The lowest jioint of the river bed 
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found anywhere on Mr. Willcocks' proposed line of dam is at R. L. 83"", or 7 
metres below the summer level of the river, and this deplh is found only on a 
length of 35 metres. The average depth of water in summer may l)e put down 
as 5 metres. Another great advantage of this site is that the whole of the 
undershiices would l)e built upon the dry reefs projecting above the level of 
the water in winter and summer. They would consequently be built in the dry, 
and as there would be 7 months per annum in which to work, there would be 
sufficient time to complete the floors, piers and abutments without any recourse 
to cofferdams and pumping. 

The alignment chosen by Mr. Willcocks follows the shallowest section 
everywhere and never leaves the granite bed. It is a question whether it might 
not be more economical to select a shorter line, even though it necessitated 
Avorking in deeper w^ater, but the advantage of having one's work always above 
water level in the woi'king season is so considerable, and so much more likely 
to insure first class work that I cannot recommend any change in the proposed 
alignment- The only point I do not approve of in the proposed arrangements is 
the line selected for the navigation channel. I think that the angle at which it 
enters the river below the dam is so sharp as to make navigation difficult, 
I myself prefer the extreme left hand channel of the river, and should like to 
see the locks constructed there. Some extra blasting would doubtless be necessary, 
but navigation would be far easier. The stone blasted from the line of the 
navigation channel could be used for building purposes. 

I agree with Mr. Willcocks in considering the Assuan cataract (putting 
aside for the moment the question of the Phila* temple) as the site best suited 
for one of our reservoir dams, wiiich is to be found north of Wadi Haifa. I 
personally should have no anxiety about the absolute stability of a dam erected 
tliere. Nowhere else do we find such advantages of site : sound rock, numerous 
i3lan<ls, a wide section, and shallow water in which to work. These advantages 
have their effects on the estimate in reducing the cost of cofferdams and the 
price of masonry constructed above water level. 

According to calculations a dam at the head of the Assuan cataract w^orks 
out as follows : — 




AREA IRRIGATED 


R. L. OF WATER 

SURFACE 
IN RESERVOIR 


CAPACITY 

OF RESERVOIRS 

IN CUBIC METRES 


COST 


Lower Est vot 


110,00 

114.00 
118.00 


1,600,000,000 
2,550,000,000 
3,700,000,000 


L. E. 1,100,000 


Lower and Middle Egypt 

The whole of Egypt • 


» 1,400,000 
» 1,700,000 



An allowance of 1 metre, or 5 per cent, has been made for evaporation. 
Unfortunately, with everj advantage in its favour as to volume of water 
stored, soundness of foundation, and economy of construction, this site labours 
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under the objection (wliich I leur may be Ibuiul insuperal)le) oi having Phila* 
temple on its upstream side. No dam ('ould be constructed on the cataract 
without inunchiting a great portion of this temple for scneral months every 
3'ear. I agree with Col. lloss that no pi'oject, which has this effect, should be 
admitted, unless it were impossible to find a reservoir site elsewhere. \Ve 
cannot say that there are no other possible sites. Thei*e are Kalabsha, Phila* 
and Geb.d Silsila, which are all availahle, and we cannot therefore claim that if 
a dam has to be built, it must necessarily l)e built at the head of the 1st cataract 
and drown the temple of Phihc 

Admitting this fact to the full, I still consider the Assuan site to be so 
superior to any other, that if any means could be found for obviating the 
difficulty which attaches to this temple, I think the subject well worth the 
consideration of the Egyptian Government, even although it involved additional 
cost to the project. On page 3G of his report, Mr.Willcocks suggests the possibility 
of removing the temple of PhilnFj from its present site, tiiking it up stone by 
stone, and rebuilding it on the adjacent island of Bigeh, ^'here it would be 
well above the highest water level of the reservoir. I cannot say whether it 
would be possible to do this without injury to the temple. If so doing would 
cause any injury, or alteration of any kind to it, I should recommend the 
abandonment of the Assuan dam altogether. Any work which caused either 
partial damage to, or the flooding of this beautiful temple, would be rightly 
considered bv the w^hole civilized world as an act of barbarism. Moreover it 
would ])e an act not absolutely ne(*essitated by the circumstan(*es, for I repeat 
that we have other possible, though somewhat inferior sites, upon which to 
construct dams. 

If the removal of Phibc temple is however only a (juestion of expenditure, 
the subject at once commands attention. In this matter, I turn naturally to 
Mr. J. de Morgan, the able Director of the Department of Antiquities in Egypt. 
If it is possible to remove the temple and rebuild it uj)on the adjacent island 
exactly as it stands at present, we may rely on his ability to do so; and I ask that 
his opinion as to the renewal and reconstruction of Phila* temple be obtained 
before the project foi* the Assuan dam be altogether rejected. 

Were the removal of the temple to be successfully carried out, I cannot 
myself see that it w^ould be an act of vandalism, which, as I read it, is a term 
meaning the wanton destruction of interesting relics. In this case there would be 
no question of wanton destruction. The (xovernment of Egypt would duly weigh 
on one side, the advantages to th<* country of the safest and most economical 
dam which could be constructed north of Wadi Haifa, and on the other, the 
sentiment which clusters round the site of the i)resent tem})le and objects to its 
removal even if it could be done without injury. Finding the advantages to the 
country to outweigh the sentiment, it would proceed to carry out the work with 
a religious regard foi* every detail, and through the agency of the competent 
staff of the Department of Antiquities. 
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Removals somewhat similar to that now ])roposed have been suceessfull}" 
carried out. Mr. Willcoeks mentions in his Report liavini^ himself, when at 
Rome, been a witness to the aismantlinf>' and rebuilding of the most ancient 
existing bridge over the Tibei* bj Italian engineer. Civilized nations in recent 
times have removed from theii- original sites and set up in other countries, 
interesting' and valuable monuments. The El2:in marbles taken from the 
Acropolis and deposited in the British Museum afford an example, and so also 
do the Luxor obehsk in the Place de la Concorde, and Cleopatra's needle on the 
Thames embankment. These i*ecords of the past liave been removed from their 
historical surroundings, and set up amongst others with which they are not in 
keeping. We, on the contrary, prompted by a desire to benefit the country, 
suggest the removal of an ancient building from one site on the Nile to another 
w hich is but a few hundred yards distant. We propose re-erecting it exactly as 
it stands to-day, and on an island in the middle of the great hike which we hope 
to create, where it would form a beautiful and appropriate object in the lands* ape. 

The Bigeh island is separated from Phila? by some 50 metres of water. 
The two islands could be connected by a permanent earthen causeway without 
any inconvenience to the river during the entire progress of the removal of the 
temple. The proposed site would be about 12 metres above the highest water 
level in the revservoir. I have had the cubic contents of the sandstone ashlar blo(*ks, 
which form the temple, carefully measured and find that they amount to 14,300 
cubic* metres. This measurement permits of an approximate estimate being 
made of the cost of dismantling and reconstru(*tion. 



Earthen dam across the channel between 

the tw^o islands 40, 000 at P. E. 4i=L.E. 2,000 

Levelling the platform for the new temple 240,000 at > 5 -- > 12,000 
Dismantling, and marking the ashlar 

blocks before removal 14,300atL.E. 2 ^-- > 28,600 

Transporting and reconstructing on 

Bigeh islands 14,300at > 10 = > 143,000 

Total L.E. 185,600 

Contingencies > 14,400 

Grand Total L.E. 200,000 



When it is considered that a fair price for new sandstone ashlar masonry is 
L. E. 2 72 per cubic metre, I think it will be admitted that the above estimate 
is an exceedingly liberal one. 

I have discussed this question at considerable length, and have done so 
intentionally. I am quite aware that this proposal will be keenly criticised, and 
that it will probably be received with disfavour by a large number of persons. 
At the same time I feel it my duty, when discussing a point of such vital interest 
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to Egypt as the selection of the best site for a reservoir dam, to ]n'\\v^ to the 
notice and consideration of the Governmenl this possible means of securing' what 
I consider to he the l)est site, and at the same time avoiding any injury to a 
beautiful relic of the past. It will rest then with the Government to decide upon 
the feasibility and advisability of the work. If the decision be unfavourable, the 
proposed Assuan site must be struck out of our list; and th(» dam, if built, must 
be constructed at Kalabsha, south of Phihc, or ar, (lebel Sisiht If, on the 
contrary, the decision lie in favour of my proposal, we must add L.K. ;,^()(),()()() to 
the estimates for the removal and reconstruction of the temple. The revised 
estimates will then stand thus: — 



AllEA IHHKiATBD 


11. L. OF WATKH 

ftSUHFACK 

IN Tin: UKSKIUOIR 


CAPACITY 

OF THE RK.?EUVOlU 

IN CLIUC MliTRES 


COST 


Lower Kcrv dI 


110.00 

114.00 
118.00 


1,000,000,000 
2,550,000,000 
1,700,000,000 


L.E. l,3O(J.O0O 
» 1,000,000 
» 1,90; 1,000 


Lower and Middle Egypt 

Thp whole of EirvDt ••• 





isiuiia We come now to the last of the proposed sites and the one furthest to the 

jeis north. At a distance of some 70 kilometres dow^nstream of Assuan, the Nile 
*'*°'^* re-enters the Nuhian sandstone hy a narrow pass, under 100 metres in widtli, 
and 5 metres in depth at low w^ater. This is the Silsila gate of the Nile, li 
was here that hoth Linant Pasha and M. de la Motte })roposed damminu t he riv(*r. 
and at first sight it seems to l)e well suited for the purpose. By its i)osition, it has 
many advantages over the other projects. It w^ould he nearer to the point at which 
the water would he utilised: it would be owing to this, that if the perennial 
irrigation of Upper Egypt were decided upon, the great feeder canals might he 
taken off at the dam itself, and the supplementary barrage further dow^n the river 
be economised. The cost of materials and plant brought from Alexandria w ould 
be less than in the case of a dam further to the south. The section of the river, 
with its moderate width and insignificant depth, would he w ell adapted to the 
construction of a dam. 

Aerainst all these advantages must be set the fact of the i*ock at Silsila heinii: 
sandstone instead of granite. It is open to question whether the sandstone has 
sufficient hardness and solidity to stand the great pressure of water which w ould 
be brought upon it when the reservoir was filled. The consistency of the stone is 
apparently variable, and we have excellent opportunities of studiyng its structure, 
both in the extensive quarries of the ancient Egyptians, and in the scoured trougli 
of the Nile itself. The quarries on the east bank of the river, in the centre of th(^ 
hill between the ancient and existing channels of the river, contain excellent 
stone. These quarries however are w'ell above the present water surface of the 
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Nile, and the nearer one approaches the water the more infei-ior appears to be 
the rock. At these lower levels, the tissures, which are everywhere consider- 
able, are not only present, but there are also horizontal layers of clay and 
decayed felspar of varying thickness. Everything points to the r»onclusion that 
the core of the hill between the two channels is sounder than the bed and banks 
of the present channel, through which the river cut its way when it abandoned 
the eastern branch. It would appear that the ancient Egyptians recognised this 
fact and ran their quarries deep into the heart of the hill and well above the 
w^ater sui*face, thus avoiding all inferior rock. 

The existence of strata of inferior sandstone and clay compels me to pause 
bofore adopting Silsila as a reservoir site. The scouring action of the Nile in 
flood, as it issues from the undersluices, might be met by a long talus of gi'anite 
masonr}' overlying the soft rock in the river's bed ; but no protective work on 
our part could affect the question of the clay strata which underlie the work 
and which are lial)le to gradual solution by water under pressure. If one of 
these strata were dissolved, it would be followed by a collapse of the dam. Under 
these circumstances I am unable to recommend a higher level for the reservoir 
than R. L. 101.00'". This level would enable us to store sufficient water for 
Middle and Lower Egypt, but insufficient for the whole of Egypt. The R. L. of 
the rocky bed of the river is assumed by Mr. Willcocks as R.L. 74.00'". This 
would involve a dam 2() metres high, and beyond this, I do not think it would be 
safe to venture. The borings in the bed of the river have not yet been completed, 
but they will be read}' before the arrival of the technical commission. 

So far I have considered the existing waterway of the river. I now turn to 
the abandoned eastern channel mentioned on page 18 of the Report and page 1-1 
of Appendix VII. This channel, a kilometre and a half in width, was evidently 
the main stream of the Nile wlien the river swept over the Komombos plain. 
Borings have been taken down to R. L. 83.00 through sand and Nile shells 
without disclosing rock anywhere. The first sight of this old channel inclines 
one to propose building the dam there and turning the river back into its original 
course, but we have so far found no trace of rock ai a depth sufficiently near 
the surface to make the project feasible. Further borings are being made in 
this channel as well as in the actual bed of the river, the results of which, as 
before remarked, will be submitted to the technical commission. If the dam 
be constructed in the existing (diannel of the river, as proposed in the Report, 
it becomes necessarv to (dose this ancient course of the Nile. Mr. Willcocks 
proposes doing so by means of an earthen bank 50 metres wide at top, 5 metres 
above high water level of the reservoir, and let into the rock at either end. 
It might add to the security of the work to construct two earthen banks, inde- 
pendent of each other, across this right hand channel. 
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From our calculations, we obtain the following i-esults tor llie Silsila 



site : 



AREA IHHKiATBD 


R. L. OF W.VTER 

SI :U FACE 
IN KESEHVOIR 


CAPACITY 

OF RKSKRVOIR 

IN CMRIC METRES 


t :< )ST 


Lower EIc vnt 


98.()0 
101.00 


1,551,000,000 

2,501, 000,0:)0 


L. E. 1,450,000 


Lower and Middle Effvot 


)) 1,G50,000 







A dam with its crest at 1{.L. 101 "".00 would place the greater portion ot 
the town ot Assuan under a depth of water varying from »{ to 7 metres. The 
reduced level of the main bazaar is i)S metres; and thatol the road in front of 
the Government offices is t)S metres. The sum allowed lor compensation in 
the estimates of the Silsila reservoir, amounting to L.K. (>7t),()0(), has l)een 
obtained from figures su})plied l)y Wodehouse l^asha. This sum does not incdude 
the cost of removing the recently e\<*avated temple of Komombos, which would 
be put under 1 '/^ metivs of water, as the 11. L. of its flooi* lies between 0(),;^"' 
and VJO.O'". In this latter respect, tlu^re wouM be no very great dillerence 
between the Silsila and Assuan reservoirs. The Komoml)os temple, though not 
so well known as Phihc, is still an exceedingly interesting one, and egyptologists 
would probably insist upon its removal. 

The I have now ai'rived at that subject of the Reservoir (juesiion which has 

Project, given hirth to much controversy and considerable correspondence. Such 

i^rar. authorities on Kgyi)tian iri'igation as Sii* Colin Scott Monci-ielf, Colonel \V(^stcrn, 

^^"**i9^' Colonel Ross and Major Rrown have recorded their opinion l)oth as to the cost 

to be incurred and the benefits to be reaped from it. So extensive indeed has 

been the literature, that the name of tlie\Vadi Rayyan ought to be as well known 

to the worM as that of the lake of Geneva. I shall make no attempt to describe 

it. With this project the name of Mr. Cope Whitehouse will, as I have alivady 

remarked, be always associated. The Wadi is mentioned by Linant Pasha in 

his work on the Nile, but he never suggested the idea of using it as a storage 

reservoir. It is to Mr. (.-ope Whitehouse that the credit of i>roposing it as a 

reservoir is due; a proposal which he has for ye.irs been urging upon the 

Egyptian Government. 

It is the opinion of all the authorities, whom I have just cited, that the 
project is a perfectly feasible one, and that the reservoir thus foi*med could be 
utilised to supply the wants of Lower Egypt during summer. The question of 
the cost at which the water would be supplied, and of its being sufficiently low to 
render the project a remunerative one, has however given rise to differences of 
opinion. We have to estimate the cost of the works necessary to allow of the 
reservoir being filled annually between those levels which represent the storage 
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requiremeuts of Lower Egypt ; and we have also to estimate the cost of the works 
needed to discharge this water at the required rate. With this enquiry is 
associated the secondary question of the time needed for the reservoir to arrive 
at that level which would permit it to return it^ waters to the Nile. The 
element of time enters into the problem owing to the bottom of the Wadi 
Rayyan depression being 42 metres below sea level, and the minimum level for 
discharge being 23 or 24 metres above sea level, making a total depth of water 
of 65 or ()6 metres. 

The special questions to be answered with respect to this reservoir are as 
follows : — 

(1) Can these works l)e made at a cost sufficiently low in comparison whh 
the other projects as to warrant our undertaking them ? 

(2) Are the advantages of the Wadi Rayyan Reservoir so much greater tlian 
those of the Nubian reservoirs, as to justify the adoption of the formei' regardless 
of its cost? — I shall discuss the latter question first. 

Certainly at first sight the idea of converting this huge depression of 070 
square kilometres in extent, into a great lake by means of water taken from the 
Nile in flood is one which fascinates the imagination. If all the conditions were 
equally favourable, I should consider this project as theoretically sounder than 
the damming of the river itself. I say this of course without I'eference to 
local and special considerations, or to the expenditui^e to be incurred as compared 
to the estimated benefits. 

The Wadi Rayyan project has many and great advantages : — 

(1) The filling of the reservoir at the time of maximum flood would help to 
control the floods, although the extent of this control would necessarily depend 
upon the discharging capacity of the inlet canal from the river into the reservoir. 

(2) It would pass back the water into the Nile at the time of lowest supply, 
and would in no case interfere with the regimen of the river. 

(3) There would be no possible element of danger to the countr\' by the 
sudden bursting of any regulating work. 

(4) The w^ater passed into the resei'voir would be taken from the Nile when 
it was purest and most free from any possibility of (containing germs injurious 
to health. 

(5) The works would be within easy reach of Cairo and railway commu- 
nication . 

On the other hand it has the following disadvantages : — 
(1) The inlet canal must of necessity be made very large in order to fill 
the reservoir within a reasonable time, and, more particularly so, to enable it 
to control a high flood and appreciably lower it. This consideration demands 
that the depression be close to the Nile valley and the intervening country at a 
favourable level, or there would be a necessity for costly works. 
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(2) The inlet and outlet canals, if kept separate, would function well, but he 
twice as costly as a single canal. If one canal had to perform both duties, there 
probably woulfl be a considerable annual deposit of silt caused by the muddy 
flood waters flowing into the reservoir by means of a canal which has its slope 
from the reservoir into the Nile. This deposit would have to be removed 
annually after the flood in order tliat the canal might be used to full advant^e 
as a means of outlet. 

(3) All the rime that the reservoii* was emptying, the head of water would 
be diminishing, and with it, the discharging power of the <'anal, which would 
be at a minimum at the end of the season. All this time, the demand for water 
would be in(»reasing and w^ould attain its maximum at the period when the head 
of water was lowest. 

(4i The water would be taken of!* the top of the reservoir instead of from the 
bottom. This would limit its working capacity' to the film of water between the 
surface of the reservoir and the Nile water level. The depth of this film, thus 
limited, would not be great, and in ordei* to obtain sufficient cubic capacity the 
necessity of a very large surface area would arise. This again would result in 
a serious loss by evaporation during the dry Egyptian summer. 

(5) An appreciable inteiwal of time must of necessity elapse between the date 
at which the fii*st filling would begin and the first discharge be ol)tained. In 
addition to the great capacity of the depression, we should have to reckon with 
the few months per annum that water could be withdi-awn from the river. 

In discussing the projects for reservoirs formed by means of dams, I enu- 
merated on page 17 the olyections which could be formulated against them, 
I now give certain points in which, I think, they would compare tavoural)ly with 
a reservoir created in a depression. 

(1) The w^atei- issuing from the sluices of a dam would be under comj)lete 
control, and be more easily regulated than the supply obtained from a reservoir 
at a distance from the Nile. 

(2) The loss from evaporation, in the case of a reservoir formed by a dam, 
would be comparatively small, owing to the great depth of the water utilised 
in comparison with the surface area. This is the opposite of what we might 
e.\pectirom a reservoir in a depression. 

(3) Issuing from a sluice at the bottom of the dam, every cubic metre of 
water stored would be utilised . 

(4) Immediately on completion, the dam could be regulated, and the full 
juantity of water required could be stored in 3 months. 

In my opinion then, the question resolvesitself chiefly into one of cost, as 
much can be said for and against both systems of Reservoirs. 



( 



Lt. Col. Western in 1888 drew up an estimate of what he considered the 
probable cost of the execution of the Wadi Rayyan project, and indicated the general 
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lines upon which in his opinion the works should be desi<>ne(l. His estimate, as he 
has himself always allowed, was only an approximate one. The time i^iveu him 
for its preparation, and the information then at his disposal, sufficed for no more 
than this. He had no knowledge of the subsoil along the alignmennt of his 
proposed feeder canal, and the results of the borings ordered by him were not 
known until he had left Egypt for good. His note on this subject then, was merely 
a sketch indicating the general lines he had followed in the preparation of this 
project. It has been upon the lines laid down hy him that all subsequent investi- 
gations have been carried out. 

The consideration and study of this i>rojecl have occupied the Public 
Work Department for several years ; and if the results we now submit differ 
from these presented before, the difference is due to the great mass of detail 
and information which has been collected bv us in the interval. Hitherto 
we have nevei* had at our disposal lines of levels running along the actual 
alignments of the proposed canals, and the exact heights of the different ridges 
in the desert between the Wadi and the Nile. We have not l)efore had boringrs 
fixing the level at which rock is met with in the desert, or sand in the valley 
of the Nile. 

Mr. Willcoe'ks has prepared two alternative projects and estimates. The 
first is for separate inlet and outlet canals, and the other for one single canal 
to serve for both supply and discharge. The main difference between his 
proposal and that of Col. Western, lies in the alignment of the inlet canal. 
Mr. Willcocks proposes to carry this ch.innel, after it leaves the Nile valley, 
straight across the high desert ridge by the shortest possible line. He utilises the 
depression called by him the Wadi Liernur, and by Mr. Cope Whitehouse the 
Wadi Lulu, as a means of saving excavation. This depression is about 12 kilo- 
metres in lenf^^th and has its bed some 24 metres below the general level of the 
desert. Col. Western, on the other hand, took his canal, after it left the Nile 
valley, along the desert slopes forming the boundary of the Fayoum. The 
alignment was chosen so as to furnish the most economical section. As before 
said, Col. Western at the time of writing his note had not the information before 
him that we now^ possess. The soil traversed by the canal, although it looks 
like sound rock on the surface, when bored through, proves to be what 
Mr. Willcocks accurately describes as *' a yellow marl with Epsom salts, and 
finally a bitter plastic clay of a black colour overlying the Parisian limestone". 
These marls and clays, on immersion in water, speedily dissolve, and possess 
no trace of a power to resist disintegration in the presence of w^ater. 

The existence of the yellow and black clays overlying the limestone 
throughout the whole ridge traversed by the supply canal is confirmed by the 
borings. I am of opinion that the canal may be taken through them in exca- 
vation but not in embankment ; a bank formed of such material and brought 
in contact with water would speedily dissolve. Under these conditions, I cannot 
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Lut coiu*lude thai any canal taken along the inner slopes of the Fayoum, ilonly 
in partial embankment, would endanger the safety of the province. The same 
canal kept completely in soil would speedily waterlog and render salt,, by its 
dangerous proximity, a considerable strip of the low lying cultivated land. 
It is for these reasons that I prefei* Mi\ Willcocks' proposal to cany the canal 
straight across the ridge where it will be in deep digging and well removed 
from the cultivated land. This view is shared by Col. Ross and Major Brown. 
The straightest line is necessarily the shortest, and its adoption results in a 
minimum loss of head between the reservoir and the Nile at the time of 
discharge. This point is one of supreme importance w^hen the water in the 
reservoir approaches its lowest levels. 

Of the two alignments in the desert marked on the plan (Plate XV), 
I prefer the one to the south called the Bahr Bilama line, for, though it crosses 
a larger stretc^h of the high desert plateau, it is not so costly as the Abu Hamed 
line to the north, and also traverses a much shorter distance of the salty clay 
soils than the other. 

The project for separate inlet and outlet canals is described in paras 77, 78 
and 79 of the Report, and the project for a single combined canal in para. 80 of 
the Report, and on page 19 of Appendix XL I have already recorded my opinion 
that separate canals are preferable to one canal peiforming both functions, but 1 
am compelled to decide in favour of a single canal for the Wadi Rayyan. The 
first cost of the separate canals is vso great as to make this project compare 
unfavoura])ly with the Nubian dams. The economy realised by having a single 
canal amounts to L.E. 597,000 (see page 34 of the Report). 

The canal proposed by Mr. Wilicocks has a length of 25 kilometres in the 
Nile valley and 30 kilometres in the desert. At the junction of the desert and 
Nile valley is the Bahr Yusuf, which it is proposed to make the feeder canal 
w hen the reservoir is working. The line in the desert acts as both feeding and 
discharging canal to the Reservoir. Mr. Willcocks proposes to construct the 
inlet canal along this line, and dig it with its head at R.L. 22.25, and slope of 
^^;^ into the Wadi Rayyan. It vill be used as an inlet canal during the 
period of first filling the reservoir, after which it will be deepened on a slope of 
^^;^ backwards into the Nile and act as an outlet canal only. 

At the 4th kilometre in the desert, the canal is well within rock, and 
Mr. Willcocks allows a drop of 4 metres for the sake of economising the section 
of the rock cutting. His bed w^idth is 40 metres in clay, and 25 metres in the 
rock, w^here the increased depth allows of this contraction without reducing the 
discharge. 

Borings were taken in the Nile valley at a distance of about 4 kilometres 
V apart, and in the desert at every second kilometre. In the Nile valley, sand was 

found underlying the clay at levels varying from R.L. 19.00°" near the river 
to R.L. 21,00 at the edge of the desert. Mr. Willcocks insists that the bed of 
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the canal should not descend into the sand ])ut should be kept within the clay, 
and has designed his canal upon this principle. He bases his reasons upon the 
extreme difficulty of the subsequent keeping open and clearing of the channel; 
and he also anticipates heavy slips in the side slopes during tlie time that the 
canal will be closed and the reservoir not working. I admit to a certain extent 
the validitj^ of his arguments, although I consider that the question resolves 
itself into one of cost. 

I approve of Mi*. Willcocks' proposed sections of channel given in para. 77 
of the Report. The deepest cutting in the desert will be 89 metres. Although 
the ridge is high and the cost of traversing it great, still there is a compensating 
economy in carrying the line through the depression called by M. Cope 
AVhitehouse, the Wadi Lulu. 

Mr. Willcocks has worked out his estimates verv carefullv, and has, I 
think, been actuated by a wish to give every advantage possible to this project. 
He has in consequence reduced his rates of earthwork to a point so low that I 
am doubtful whether the work could be actually executed at such a cheap rate. 
He allows : 

For earthwork in the Nile valley. ... 4 P.E. per metre cube. 

> the bitter clays and marls b » > > > 

> Loose sand at the surface 2 » ». » > 

> Rock cutting 8 > > > > 

The rates for ordinary eartlnvork and for excavation in the surface sand 
are good ones, but I doubt whether 5 P.E. per metre cube is sufficiently high 
for the bitter clays with their great depth and consequent difficulty of removal. 

His rate again for rock is as low as it is possible to go, when we consider 
the depth of excavation and the expense of blasting. The cubes of stuff to be 
removed arc sufficiently high to have an effect on reducing the rates, but making 
all allowances foi* this, the rates as they stand are very low, and although I 
shall not alter them, I think it only right to record that in my opinion they have 
been run down to the extreme limit consistent with the compilation of an 
accurato estimate. 

On page 31 of the report, the daily evaporation in summer is taken at 8 
millimetres per day, or 25 centimetres per month. This estimate is based 
upon experiments made by both Mr. Willcocks and Major Brown on the Qurun 
lake in the Fayum. Professor G. Schweinfurth, the eminent traveller and 
scientist, in a note (Appendix XHI) wiiich he has kindly written in reply to 
my enquiry as to the possibility of salt eventually existing in the water of the 
Rayyan reservoir, estimates the loss from evaporation as somewhat less than 
that given by Mr. Willcocks. He however considers, and gives his reasons 
for doing so, that the loss by percolation and infiltration through the desert 
will be verj' considerable ; I think it safer then to accept Mr. Willcocks' figures 
as they include no allowance for possible loss from percolation. 
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The cost of the Wadi Rayyan single canal project, as designed hy 
Mr. Willcoeks, is L.E. 1,990,000 according to his own figures in the Report, 
or L.K. 2,Ol:i,400 acrording to Mi*. Marshall Hewat's figures in Appendix X. 
His cal(*ulations go to show that, at the commencement of the month of June, 
the water level in the reservoir would stand at R. L. ^5.00°' and fall steadily 
till the end of July when it would reach R. L. :?1.00'", and the reservoir would 
cease to function. During these two months, the <*anal would he dis<*harging 
11,000,000 metres cube per diem. It has however been shown that both 
Mr. Foster and Mr. Willcocks require for* the maize cultivation of Lower Egypt 
a far higher discharge than this in July. The former states his mean require- 
ments at 24,000,000 metres cube per diem, and the latter at 2(3,000,000 metres 
cube per diem. 

The proposed canal will not give half the above discharge and will not 
consequently assure to Lower Egypt its required supply. Now although 
Mr. Willcocks has endeavoured to reduce the cost of the project as much as 
possible, I (*annot see the use of carrying out this work at all unless the canal be 
made of sufficient capacity to supply the whole of Lower Egypt during the 
months of June and July. Either then we must keep the bed within the clay and 
widen it considerably, or we must deepen and descend into the sand. The latter 
gives the more economical section and should therefore be adopted, but either 
alternative in(*reases the cost of the work. Mr. Willcocks is himself aw^are of the 
insufficiency of his canal and, on page 34 of his report, gives an estimate for 
deepening the bed and making the channel capable of discharging 20,000,000 cubic 
metres per diem or 2Si) metres cube per second, at an additional cost or 
L.E. 253,000; but he considers this deep canal as impossible to maintain. 
Major Rrown in his notes criticises this portion of M. Willcocks' project and 
calculates that the canal bed, in order to discharge tlie necessary 300 metres cul)e 
per second, must be w-idened from 40 metres to GO metres, and the depth increased 
fi'om 4 metres to 6 metres, while the slope across the Nile valley must be 
changed from 7^;;;;; to j;;^. He estimates the additional cost of these changes at 
L.E. 728,420. The addition of this sum to Mr. Willcocks' figure of L.E. 1,990,000 
brings the total estimate up to L.E. 2,718,420. Major Brown has based his 
discharges upon the supposition that the July requirements of Lower Egypt will 
not exceed 510 metres cube per second. Mr. Foster however considers that a 
gradually increasing discharge is absolutely necessary during July, and calculates 
the maximum at the end of the month at 860 metres (*ube per second. As all mv 
calculations in this note concerning Lower Egypt have been l)ased upon 
Mr. Foster's figures, I must then accept this discharge as being that required for 
Lower Egypt, and proceed to show how the Wadi Rayyan |)i*oject must be 
carried out in order to meet these requirements. 

The mean low water level of the Nile, at the point whei*e the canal would 
join it, is R.L. 21 .50"™, which by table 1 of appendix III represents a discharge of 
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410 metres cube per second in the Nile. A discharge of 860 metres cube per 
second is represented ])y 1 metre in the table, and by a R.L. of 22.50™. On 
page 29 of the report, it is shown that the full supply level in the reservoir must 
be fixed at R.L. 27.00"'. It is further assumed in all the calculations that there 
will be a drop of 40 centimetres between the reservoir and the head of the outlet 
canal at the Bahr Yusuf. Working back on these figures, it can be proved, 
that, with a slope of ;^;^, the lowest level at which water can be drawn from 
the basin will be R.L. 23.90. Before this project can be thoroughly understood, 
the requh'ements of irrigation and the discharge of the Nile must be considered 
at shorter intervals of time than the 15 davs intervals allowed for in the dam 
reservoirs. The requirements of irrigation are gradually increasing as the 
month of July advances, the discharge of the Nile itself is increasing independent 
of any water from the reservoir and is being augmented by the supply from the 
Wadi Rayyan ; and, all this time, the level of w^ater in the reservoir is falling. 
The problem is a most complicated one, for, unlike the Nubian dams which can 
discharge by sluices at the bottom and are independent of a slight rise in the 
Nile, the Wadi Rayyan is an overfiow basin and its power of discharge depends 
entirely on the difference of level between its water surface and that of the Nile. 
As already stated, Mr. Foster, on page 7 of appendix XII, gives it as his 
opinion that the requii'ements of the expanded area during July would rise from 
36 millions to 72 millions of metres cube per diem. He expressly st>ates moreover 
that the demand would increase gradually throughout the month, and he fixes 
the mean at 56 millions of metres cube per d^em. Working then upon Mr. Foster's 
calculations of discharge, I have requested Mr. Willcocks to reconsider certain 
of his figures and to tabulate the results ; this he does as follows : — 



DATE 
1 


DISCHARGE 

REQUIRED 

IN MILLIONS 

OF METRES CIBB 

PER DAY 

FOR IRRIU^TION 

OF LOWKR Er.YPT. 

8 


DISC 11 A K Ci K 

AVAILABLE 

IN RIVER, IN MILLIONS 

OF METRKSU UK 

PER DAT. 

3 


U A L A N C K 

REQUIRED, IN MILLIONS 

OK MKTRKS Ct'BK 

PKR DAY. 


KKiUnES 
or i:oLoiiii < 

l!l SKTRE'. CI'KK 
PKR SECOND. 

5 


K. L. 

OF THE 
VVATBK iSUHKAi.E 

OF THE MILE 
AT THE TAIL 

OF THE 
Ol'TLKT CANAL. 

6 


May 1st to 31st .... 
June 1st to 30th.... 
July 5th 


30 
36 
42 
48 
54 
60 
66 
72 


21 
19 
18 
19 
25 
50 
60 
120 


9 
17 
24 
29 
29 
10 

6 

• • 


100 
200 

2m 

■MO 

340 

110 

70 

• • 


21.3 
21.6 
21.7 


» 10th 

9 15th 


21.9 
22.1 


» 20th 


22.3 


» 25th 


22.4 


» 31st 


22.6 







Column 2, gives Mr. Foster's increasing discharges at five day periods. 

Colunin 3, gives the discharge available in the River calculated from the 
table on page 8 of the Report. 

Column 4, gives the deficiency required to be supplied by the Reservoir. 

Column 0, gives the level to which the River would rise in consequence of 
its increased discharge, according to Table I of appendix III. 
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Now turning to para. 76 of the report, the figures given there may be 



thus modified : 



AT THE HRAD 
OV THE OI'TLET CANAL 



On the 1st April the R. L. of the lake will be 27.0'), and the R. L. 20.60 

)) 1st May » » 26.75, » 26.35 

» 1st June » 9 26.00, » 25.60 

» Ibt July » » 24.95, » 24.55 

» 15th July » » 24.20, » 23.80 

» 25th July » » 24.05, » 23.65 

In other words, the film of water between R.L. 27.00 and R.L. >24.00 
in the Reservoir will suffice ; and it has been shown, on page *iO of the Report, 
that this film can be annually renewed by the (^) Bahr Yusuf during winter 
with the aid of the Assyiit Barrage across the Nile. The water su[)plied will 
meet the requirements of Lower Egypt, but will allow nothing for either of 
the Damietta or Rosetta branches. 

The maximum discharge recjuired from the Wadi Rayyan is :M0 metres 
cube per diem on the 15th July with (he water level at the head of the outlet 
canal at R.L. 23"\80, and the Nile at R.L. :22"\10. There is therefore an 

17 1 

available slope in the Nile of 2"i^ or ^-^;^. If we allow a depth of water of 
5 metres at this stage of the discharge, the R. L. of the bed becomes 18™. 80. 
The bed width of the canal may be taken at 01 metres, as this gives a sectional 
area of 340 square metres to the channel and a mean velocity of 1 metre per 
second, which may be considered as a safe maximum. Majoi* Brown allows for 
a canal with a (iO metres bed width, R. L. of bed 19°*, 00, and slope of ^t;^;^,. 
This canal is so close to the one now calculated that I accept his figure of 
L. E. 2,718,420 as the cost of the Wadi Rayyan canal if it is to meet the 
requirements of Lower Egypt. 

Major Brown points out that, if the Bahr Yusuf be used, as we propose it 
shall be, for the purpose of filling the Reservoir, it can no longer be used as the 
great drain of Middle Egypt, and that consequently a parallel drain must be dug 
in the lowest part of the Nile valley ; this will, of course, materially add to the 
cost of the project as a whole. 

If then we calculate the water needed per annum from the Wadi Rayyan 
Reservoir according to the table just given, we shall find that the total 
requirements from this Basin amount to 1,280,000,000 metres cube per 
annum as against 1,551,000,000 from one of the dam reservoirs. When 
however it is remembered that the Wadi Ravvan is 800 kilometres nearer 



(I) WitlioiU iiccepliiifr the fiK*! Hint tlio depth of Uie fihn of wjiler r.ipaljlc <>f hiMiiii iiliHs<Nl Hos only 
between U.L. 24.00°* and H.L. 27. OO™, we cannot use the Bahr Yusuf as a moans of tillin.ii: tlie Heservoir, 
uidess we suppress Iho Middle Egypt basin. Major Brown, on pa^e V.) of his nob*, shows Ihal, in order 
to fill Ihe Bayyan Beservoir belween B.L. 23.00n» and B.L. 27.00'n, the Yusufi <*anal nnist function from 
September to February. In September and October this canal is recjuired for the fillin.Lr of tlie Basins. 
Unless then these are suppressed, and their suppression would necessitate* the construction of a dam 
reservoir to the south, we must either consider the Yusufl as only a partial means of tilling the Beservoir, 
or accept that tlie film of water between B.L. 2i.00«n and B.L. 27.0()'n will alone be draw-n o\X. 
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to the heads of the Lower Egypt canals than one of the Nubian dams, it will be 
evident that the difference between the figures representing the requirements has 
reference to the volume by which the water in the River, on this reach of 800 
kilometres, would have to be augmented by the discharge from a dam reservoir, 
to allow of the increased su})ply reaching our Lower Egy})t canals. In the case 
of a Nubian reservoir as compared to the Wadi Rayyan reservoir, there would 
ahvays be this w^aste; for since the Nile flood travels at double the velocity 
of the ordinary summei* supply, that portion of the water which left the 
Reservoir during the last days of supply would be overtaken and overlapped by 
the flood and be lost to summer irrigation. This waste would be directly 
proportional to the distances between the Reservoirs and the heads of the canals 
to be supplied, and could in no case be avoided owing to our inability to foretell 
the date of the arrival of the flood. We should have to discharge the water from 
the Reservoir just as though no flood were coming, and allow half the supply 
between the dam and the canal heads to be overlapped by the flood and 
practically wasted. 

A question, such as that of the rate at which the rising flood water would 
overtake and overlap that in the river, is an excendingly difficult one, and one 
almost impossible to theorise upon with any degree of accuracy. At the same 
time, I have tried in the foregoing paragraph to attempt this, as it is only upon 
the supposition that the water issuing from the Wadi Rayyan basin (at a rate 
in July beyond our power to increase), would be augmented and assisted by 
the flood within the critical period of demand in Lower Egypt, that we can 
accept the Wadi Rayyan project as a possible one at all. Thei*e will always 
then be an element of doubt concerning its success ; for unless the flood water 
overlaps the Ray 3 an water at the necessary rate and at the exact period required, 
the discharge from the Rayyan reservoir cannot be increased beyond the natural 
capacity of the canal, and there will undoubtedly be a failure in the Lower 
Egypt supply. 

Since the lowest point of the Wadi Rayyan is at R.L. — 42.00'", and the 
lowest level at which water can be utilised is R. L. r 25.00"", the entire void 
of the Depression to a vertical height of G6 metises has to be filled before it can 
be used at all. The reservoir below this level has a capacity of 10,800,000,000 
cubic metres (see table I of Appendix X) and would take time to fill. Mr. Willcocks, 
on page 30 of his report, works out the probable time that it would take to fill the 
Reservoir. In this calculation, allowance has been made for years of low^ flood 
when the level reached at Cairo would not have exceed 20 72 pi^'s and the Nile 
supply would only have been sufficient to meet the necessary demands of irriga- 
tion. In such years, which have amounted to in the last 20, no water could 
have been drawn off for the Reservoir. Similar years must then be considered as 
lost as far as the supply to be obtained in flood is concerned. Mr. Willcocks has 
taken as an example the period beginning with the year 1873, and has calculated 
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that it would have taken 7 years for the reservoir to have been raised to the full 
level of ll.L. 27. 00°". Ool. Western, working upon somewhat similar lines 
estimated the time at 8 flood seasons. As the ])revious (»al(*ulations were made 
W4th a 40 metre wide canal, while I have allowed for a 01 meti*e wide canal, the 
time of filling of the Reser\oir would probably ])e decreased, but there would 
probably be an increase in the time of (construction. I do not then think that we 
should l)e able to reduce the total below the calculations given by Col. Western 
and Mr. Willcocks. The amounts of evaporation and percolation are doubtful 
quantities, upon which there is some diffei*en(*e of opinion, and consequently the 
foregoing calculations can only be considered as approximate. We may how^ever 
safelv assume, I think, that, the reservoir could not be filled in less than 7 years. 
If we allow 3 years for construction, we arrive i\i 10 years as the interval 
which would ehipse between the date of the turning of the first sod of the canal 
and that on wliich water could be drawn from the Reservoir for the purposes of 
irrigation. 

Col. Ross, Major Brown and Mr. Fostei', all discuss the possibility of 
using the Wadi Rayyan as a flood es(*ape, but all do so unfavourably. Col. 
Ross considei's that no discharge undei* (U), 000,000 metres cube per diem by 
means of the inlet canal and 40,000,000 metres cube per diem by means of the 
Bahr Yusif would be of any avail. This discharge is two fold the capacity of 
the estimated canal. Major Rrown ai'gues that the suppression of the basins 
would not materially affect the maximum rise of the llood, and that consequently 
it would be useless to go to so great an expense for so small a return. Mr. Foster 
states his opinion that nothing under a discharge of 1(S5, 000,000 meti-es cube 
per diem would sufficiently i*edu(*e a dangerous flood in Lower Egypt. 

I conclude by saying that the Wadi Rayyan Reservoir {)roject is a feasible 
one, although even under the most favourable conditions the element of doubt 
to which I have already called attention must always exist. As (*omi)ared with 
some of the Nubian reservoirs, it is a veiT costlv work, it could at first be 
filled by a (*anal from the Nile, and afterwards maintained at a working level 
by means of the Bahr Yusuf through the agency of aBairage at Assy ut. At a cost 
of not less than L.E. :2, 727, 420, it would be capable of assuring the water supply 
of Lower Egypt. It would take not less than 10 years from the date of 
commencing work before use could be made of it but, at the same time, there 
would never be any question of danger to the country connected with it. Were 
it not for the doubts expressed above, its excessive cost, and the fact that it 
would only serve Lower Egypt, I should not have hesitated to recommend its 
execution to Government. As matters stand however, certain of the Nubian 
reservoirs are considerably, less costlv and capable of relieving a far lai'ger area 
ot country. I am compelled then to abandon the Wadi Reyyan project in 
their favour. 
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We have tried by every means in our power to arrive at a just ostimate of 
the cost of this work, even I fear going to the length of undei-os<i mating the 
sum required. I would recommend that Mr. Cope Whitehouso be given every 
facility of stating his own views and opinion upon this project before the technical 
commission. He has associated himself for so long a time and with such 
earnestness with the cause of the Wadi Rayyan that he is, I Ibink, fairly 
entitled to this concession. More than this; he shall, if he wishes it, have 
free access to tbe information bv Ufieans of which we have ai'rived ni our esti- 
mates. 

Working with the figures that I have given in the preceeding page of this 
note, I can now tabulate the comparative cost and financial results of all the 
different schemes. 

Table of cost and financial results of the different reservoir schemes. 



NAME 
OF PROJECT 



Kuhbsha dam. 

i» )) . 

PhiJaF? dam.... 

D » . . . . 

» » .... 

Assuan dam... 

» «... 

» » ... 

Silsila dam... . 

» » .... 

Wadi Rayyan. 



R.L. 


COST 


METRES 


L.E. 


118.00 


1,600,000 


114.00 


1,250,000 


118.00 


2,100,000 


1 1 4.00 


1,750.000 


110.00 


1,500,000 


118.00 


1,900,000 


lU.OO 


1,600,000 


1 10.00 


1,300,000 


101.00 


1,650,000 


89.00 


1,450,000 


27.00 


2,727,000 



COUNTRY SERVED 



Middle and Lower E^ypl 

Lower Egypt 

Whole of Egypt 

Middle and Lower Egyp! 

Ix)wer Egypt 

Whole of Egypt 

Middle and Lower Egypt 

Lower Egypt 

Middle emd Lower EgypI 

Lower Egypt 

lx)wer Egypt 



DIRECT 
ANNUAL 
RETURN 
TO THE 

STATE 



L.K. 

850,000 
278,000 
850,000 
S50,000 
278,000 
850,000 
850,C«)0 
278,000 
850,000 
^8,000 
278,000 



INCREASED 

VALUE 

OF LAND 

IN EGYPT 



J..E. 

23,14^810 

not allowed for. 
' 46,198,180 

. 23,148,840 

* 

not allowed for. 
46,108,180 
23,148,8^0 

not allowed for. 
23, 148,8 W 

not allowed for. 
not allowed for. 



INCREASE 

TO 

ANNUAL 

PRODUCE 



I.E. 

7,975,600 
3,29d,(K)0 

12,612,900 
7,975,600 
3,290,000 

12,612,900 
7,975,600 
3,290,(H)0 
7,975.600 
3,290,000 
3,290,000 



INCREASE 

TO 

A N.N UAL 

RENT 

1 .B. 

3,9i6.900 
1,600.000 
5,390,900 
3,946,900 
1,600,000 
5,390,000 
3.9J6,900 
1,600,000 
3,946,900 
1,6')0,000 
1,600,000 



When I discussed the probable financial results earlier in this note, I 
remarked that the figures were startling. I can only repeat what I then said, 
and add that, if w^e even deducted a large margin of profits, we should still have 
a sufficiently large balance to w^arrant an expenditure in excess of tUat of the 
most costly of our projects. 



Eif«ct 
on tbe 



I shall defer summing up and formulating my recommendation to Govern- 
ment as to which of the above projects is, in my opinion, the most worthy of Niirii^ds 
adoption, until 1 liave considered the effects of the introduction of reservoir water suppreLion 
into the country. The construction of reservoirs for providing Egypt with ° ^nt^A''* 
perennial irrigation will be accompanied by a suppression of the existing basin Ap^ndix^ii 
irrigation of Upper Egypt, and by a modification of the existing canalisation. ^ ^^^^i^'nu 
1 take up the suppression of the l)asins first. 
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Colonel Ross in liis note on the subject (''Nile Reservoirs" 1891 pages 55 
to 59) discusses this question at great length, lie allows ;J0(),O00,00() cubic 
metres per diem as the ({uantity of water drawn otl* by the basin canals at the 
time of filling. He calculates that tlie extension of pei'ennial irrigation to the basin 
tracts Avould i^educe the volume requii'ed for irrigation by 150, ()()(), 000 cubic 
metres per diem and that this (piantity would help to swell the flood. He cites 
as an example his flood observations in 1889 with the Assuan gauge readirig 
17 p. 1 k. and the Caii'o gauge :2:? p. 1 k., at a time that the basin canals were 
discharging -200 millions of cubic metres i)er diem. If their discharge had been 
reduced by 150 millions per day, the Cairo gauge would have risen to 23 p. 9 k.; 
a difference of 05 centimetres. 

Again Colonel Ross contends that the suppression of the basins would 
render drainage impossible, even during a moderately high flood. The chains 
of basins ai'e drained at pi*esent into the Nile by means of escapes, and are so 
arranged that the tail basins shall always stand from 25 to 30 centimetres above 
the maximum level of the Nile. With the basins under cultivation, the water 
in the river would stand at least 2 metres in high flood, and 1 metre in low Hood 
above the level of the ground in the basins. Drainage would consequently be 
quite impossible, and the regulation of the flow in the deep summei* canals, Avhen 
demand slackened, Avould be extremely difficult, not to say impossible. 

A third danger pointed out by him is the possible encroachment of 
the desert sand upon the basin lands if the basins were suppressed. He admits 
that tliis may be fanciful, but considers it to be within the bounds of possibility, 
and gives instances to prove his theoiy. 

Finally he proposes to I'etain a chain of basins between Farshut and Koshesha, 
amounting to 182,000 feddans in all. These basins are to act as receptacles for 
the drainage of the tracts put under perennial cultivation, and are to be so 
arranged that the terminal basin of each series shall have its water level a little 
above the maximum flood level of the river and l)e thus capable of discharging 
into it. 

Sir Colin Scott-Moncrieff in his review endorses Col. Ross' opinion. 

Mr. Willcocks, in pages 37 to 43 of his report, has considered this question 
in very great detail, and the figures on which he bases his arguments are to be 
found in Appendix III. He has taken a continuous series of discharges 
throughout 1892 and 1893, and referred every gauge on the Nile to the 
uniform standard of mean low water level (in which I agree with him). By 
applying his observed discharges to these newly found gauges, and making 
modifications to suit the recorded maximum and minimum floods of the past 20 
years, he has drawn on plate XX VH a discharge diagram for the Nile. By 
means of cross and longitudinal sections of the Nile between Assuan and Cairo, 
he has calculated the contents of tlie trough of the Nile, and studied the part it 
plays in the regulation of the flood. Finally he has endeavoured to estimate the 
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effects of evaporation and al)Sorption hy ohservations on the floods of 1892 

and 1893. 

He estimates that the consumption of water in flood between Assuan and 

Oaii'o, with perennial irrigation, will be as follows: — 

Perennial irrigation 700 metres cube per second. 

Evaporation 1 20 > » » 

Absoi-ption 200 > > » 

Total. . 1,020 > » » 



The balance of the flood, modifled bv the amount of water expended ia 
filling the trough of the Nile, will pass Cairo and distribute itself between the 
Rosetta and Damietta branches. His conclusions are as follows : — 

The suppression of the basins would result in an advance of the date on 
which the maximum flood level would be reached at Cairo, and a corresponding 
advance in the date that the flood would begin to fall. 

A high flood would be 15 days earlier than under present conditions and 
an ordinary flood 25 days earlier. He further arrives at the result that, with 
perennial irrigation, the maximum gauge at Cairo, as referred to the maximum 
gauge at Assuan, would not rise above the level that it used to attain with basin 
irrigation before the inauguration of Col. Ross' Sharaki works. These works 
have so changed the regimen of the Nile in flood, and consequently the maximum 
at the Cairo gauge, that the Assuan gauge is the only one with which comparisons 
can be made. For further study of this complicated question, I refer any one to 
para. 93 of the report and table VI of Appendix HI. 

In high floods, he considers that the gauges would not be increased at all. 

In order to arrange for the drainage of the country put under perennial 
irrigation, he adopts Major Brown's proposal to utilise the Sohagia and Yusufi 
canals as main drainage lines; he recommends their prolongation and final 
termination in the Rosetta branch downstream of the Bariage. This main 
drain wouUl carry 300 cubic metres per second and relieve the Damietta branch 
of its share of this discharge. 

Major Brown has also studied the question of the suppression of the basins 
very closely and recorded his opinion in his note (Appendix XI). 

His observations accord in great measure with those of Mr. Willcocks. 
lie does not consider that the suppression of the basins would produce a very 
great effect upon the flood level at Cairo. He points out that without basins, 
the rise and fall of the river at Cairo must more closel}' follow that at Assuan, 
and that the more quickly the Cairo gauge will rise the more quickly will it 
fall. The infiltration through the soil in flood time, which is active now in 
October an November, will be active in August and September, and will be 
more easily mastered b}' evapoi'ation owing to the greater powers of the sun. 
He further states that the regulating heads of the basin canals are to-day partly 
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dosed when the Hood rises above 10 7 pies at Assuan and that consequently . 
even under the present svstem, the effeet of closing the basin (*anals is produced 
during high floods. 

Major Brown gives tal)les to show the fall in the level of the river, produced 
by the opening of the basin canals in the different reaches of the river south of 
Kushesha, and he argues that the ^upju'ession of the basins would result in an 
increased height of Hood between the I5th August and the loth September, ami 
in a corresponding decrease aftewards. As the final result of his calculations, he 
gives his opinion that the flood level, owing to the suppression of the basins, 
would rise 50 centimetres south of Assyut, and a further SO centimetres north 
of Assyut, making a total rise of 80 centimetres at Cairo. This rise aa*ording 
to him would be a rise in point of time, and would not affect the maximum 
gauge of the year, whose advent would be advanced by three weeks or a month. 

He does not think that the preservation of 182,000 feddans of basins out 
of a total area of 1 ,030, 165 feddans, as proposed by Col. Ross, would have any 
material effect upon reducing the height reached by the flood at Cairo. 

At the same time, he considers the drainage question as the most important 
argument in favour of the retention of a limited area of basins in each chain. 
He suggests, as regards Middle Egypt, the retention of a terminal basin at the 
extreme north end of the chain, unless indeed the alternative system of embanked 
drains, as used in Italv, be substituted. The conclusion to which he finally 
arrives is, that the partial or complete suppression of the basins in Upper Egypt 
should not ])e attempted at present ; the expei^iment should be(»onfined to ^liddle 
Egypt north of Assyut, and we should w^alch its effect upon that portion of the 
Nile valley before we extend it further south. 

It will be evident from the foregoing that there is, to a certain extent, a 
difference of opinion as to the result of a complete suppression of the basin 
system of Upper Egypt. That the maximum flood at Cairo will be reached 
earlier than what it does at present, and the river \\i\\ begin to fall at an earlier 
date, is accepted by all. As regards the actual height which the maximum will 
attain, there is a difference of opinion between Col. Ross on one side, and 
Major Brow^n and Mr. W'illcocks' on the other. All are agreed that without 
basins there will be a difficulty about the drainage of the lands under i)ereanial 
irrigation, although Mr. Willcocks' suggestion that Major Hrown's main drain 
be continued to the Rosetta branch is a possible solution. 

Taking everything into consideration, we cannot say that our calculations 
have been based upon facts about which we possess absolute certainty. 
Mr. Willcocks' studies upon this point, minute and careful as they may have 
been, have not covered more than two years, which is a short interval of time 
for a subject so difficult as the regimen of a great river like the Nile. An error 
of judgment on our part might expose the country to great risk if not to danger, 
and I am therefore of opinion that we should, for the present, })ostpone all question 
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of the suppresc?ion of the Upper Egypt basins south of Assyut We should limit 
our proposals to the construction of a dam large enough for the wants of Middle 
and Lower Egypt alone ; and I go even beyond this, and, accepting Col. Ross's 
proposition (agreed to in a certain measure by Major Brown) I lay it down as a 
I'ule to be followed in all our calculations, that a certain area of basin should be 
retained to act as a drainage receptacle for the newly cultivated lands. 

The exact extent of this retained area can be afterwards decided upon when 
we are studying the detailed projects for the utilisation of the Water from the 
leservoir. I do not suggest that this retention should necessarily be i)ermanent, 
but that, for a certain number of years after the completion of the reservoir, we 
should study the actual effect of the partial suppi'ession of the Middle Egypt 
basins. It is true that this method of working will, at any rate for a time, deprive 
a certain area of land of the benefits of perennial irrigation. In consequence of 
this, the figui'es already given as representing the increased rental, produce and 
value of land, will have to be reduced by a sum proportional to the area of basin 
retained, but there will be this compensation that after some years of study we 
shall be in a better position to predict the exact result of a change so radical as 
the conversion of basin into perennial irrigation. In my opinion, certainty on 
this point will constitute an advantage which will far outweigh the temporary 
inconvenience of a certain amount of delay in the realisation of the benefits of 
an improved supply of water to a limited area of land. 

It is evident that any considerable addition to our watei' supply in summer works 
will necessitate certain changes in our existing canal system, to enable us to ilTMi^'ie 
make use of this extra supply. It is also evident that these changes should, as Lowe^Egypt 
far as possible, be carried out simultaneously with the construction of the Reser- ^^^it 
voir. In this way only, will it be possible for the increased water supply to be ''^^*^^^**'' 
utilised as soon as it is available, and the countrv be able to obtain as quick a***® reservoirs 

" ^ ^ being utilised. 

return as possible for the capital expended. Appendices 

* ' * XI and XII. 

I have already stated in this note that, in my opinion, we should for the 
present omit those Reservoir projects which concern the irrigation of Upper 
Egypt. With respect to the others, I consider tliat, if a dam be built at all, it 
should be built high enough to supply the waats of Middle and Lower Egypt 
combined. The diiTerence betveen the cost of a work sufficient for both, and 
the cost of a work sufficient for Lower Egypt alone, is comparatively small, 
and out of all proportion to the benefits to be realised by the admission of 
Middle Egypt to summer cultivation. The expense of getting in the foundation 
is the main source of expenditure in a work of this kind and is practically the 
same for the two projects; the superstructure, which expei'iences the greatest 
change, is relatively inexpensive. As far as the reservoir projects are concerned, 
we are therefore in my opinion limited to the consideration of those which are 
capable of supplying Middle and Lower Egypt together. 
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The Wadi llayyan pi'oject will, it is true, only benefit Lower Egypt, but as 
it stands apart from the other schemes, and as moreover the merits of the two 
rival systems are to be studied by the Technical Commission, I shall, for the 
purposes of comparison, examine the question of the additional works contingent 
on the adoption of this project also. 

A Reservoir in the Nile valley will necessitate the followins: oriofinal 
constructions and remodellings : — 

I. — Middle Egypt. 

{a) A Barrage in the Nile at Assyiit. 

(p) Alterations in the levels and sections of the main supply canals to enable 
them to pass the increased volume in summer. 

(c) The construction of sundry branch canals for the better flistribution of 
the supply. 

{d) The completion and remodelling of the drainage system. ' 

II. — Loxcer Egypt. 

{e) The remodelling of a great portion of the existing system of canals, so 
that, Avith the Barrage held to R.L. 1 4.00'", they might be capable of discharging 
the extra supply. 

{f) The construction of branch canals for the distribution of the supply, 
and for the irrigation of the area at present uncultivated, but which will be 
reclaimed under the new conditions. 

{g) The completion of the drainage system. 

The Wadi Rayyan project will necessitate all the works enumerated above 
under the head of Low er Egypt, and in addition to them the construction of the 
Assyut Barrage, w^hose existence has been assumed in all the calculations 
connected with the filling of that reservoir. 

Major Brown ""and Mr. Foster work out in considerable detail the works 
necessary in their respective districts. Naturally their estimates are only 
approximative, but their knowledge of the country and of the future requirements 
of the irrigation system enables them to foretell closely the expenditure which 
will be entailed. I shall give a brief epitome of their notes which can be referred 
to for details in appendices XI and XII. 

The Barrage at Assyut. 

We are united in considering^: that this work is a necessity for the better 
irrigation of Middle Egypt and the Fayum, and should be constructed indepen- 
dently of the result of any decision about the Reservoir. It would be placed 
downstream of the present head of the Ibrahimia canal. 

By raising the level of the water in summer, it would not only control the 
discharge of the canal, but enable us to make a great economy in our annual 
dredging cubes, if not to dispense with them altogether. 
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Supposing that no Reservoir project were carried out, this work would be 
used not for the purpose of increasing the water supply of the Ibrahiinia canal 
except perhaps in exceptional cases, but solely tor the purpose of raising the 
surface of the water and enabling it to be delivered at a hiu:her level than at 
present. In the case of the Wadi Rayyan project l)ei ng decided upon, this Barrage 
would be equally necessary ; for the Bahr Yusuf, which itself is fed by the 
Ibrahimia, would be the feeder canal of the Reservoii*, and its ability to perform 
its functions would depend upon the supply being maintained, during the falling 
flood, in the Ibrahimia canal. Mr. Willcocks has designed this Barrage, and his 
estimate of the cost of the work, including a new head for the Ibrahimia canal, 
amounts to L.E. 700,000, if designed for irrigation purposes only. A sum of 
L.E. 100,000 should be added to these figures if the Barrage is to be used for 
filling the Wadi Rayyan. 

Major Brown shows on the small map accompanying his report, the general 
arrangements of the canals and drains that he considers indispensable to the 
successful working of the proposed new^ system of irrigation in Middle Egypt. 
He also estimates for widening the Ibrahimia canal so as to render it capable of 
carrying the increased discharge. Lastly he estimates for a new main drain which 
would be a prolongation of the Sohagia and Yusuti canals, and which, passing 
through the province of Giseh, would discharge the drainage waters of Upper 
and Middle Egypt into the Rosetta branch of the Nile at a point north of the 
Barrage. His estimate is a follows : — 

Branch canals and drains L. E. 308,500 

Enlarging Ibrahimia canal > 57,000 

Main drain > 000,000 



Total L. E. 965,500 



As regards the first two items, I confine m^'self to saying that the works 
would be spread over a series of years and that a portion of them might possibly 
be carried out under the ordinary Irrigation Budget grant ; I do not propose to 
reduce the figures. Major Brown has great knowledge of the requirements of 
the provinces under his charge, and has studied the question most carefully. As 
regards the sum allowed for main drainage, I am not prepared to acknowledge 
the necessity of spending such a large amount at present. In the first place, I 
am proposing to leave Upper Egypt out of the question as far as the present 
project is concerned ; and even were its basins to be suppressed, I think the 
Sohagia, which would act as the main drain, might be made to discharge into 
the river at a point south of Assyut. We should then only have to consider the 
capacity of a channel large enough to drain the country north of Assyut. This 
would materially reduce the required section of the drain, and I estimate that a 
channel of 40 metres bed width, running 4 metres deep, down the natural 
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depression at the foot of the deserts would meet the necessities of the case. Such 
a work could be constructed at a cost of L.E. 200,000. In the second place, it 
must be remembered that if, as I propose, a certain area of basin is for the 
present to be retained as a drainage receptacle, there will lye no immediate 
necessitv for the execution of this work. At the same time, as there is no 
intention to make this retention permanent, it follows that the necessity for 
the drain will arise on the suppression of the basin. This work is moreover 
undoubtedly contingent on the construction of a reservoir, and I therefore 
include it in the estimate of the total cost. Major Browns' estimate for Middle 
Egypt will then become : — 

Branch canals and drains L. E. 308,500 

Widening Ibrahimia canal » 57,000 

Main drainage » 200,000 

Total L. E. 565,000 

Or say L.E. 506,000 

Lower Egypt. 

In considering the works necessitated by the Reservoir project in Lower 
Egypt, we have a more difficult problem before us. We have to decide 
whether it will be more advantageous to deepen and widen the great main 
supply channels taking off from the upstream side of the Barrage, in order to 
enable them to carry the increased supply ; or whether it will be preferable 
to construct supplementary Ban-ages in the two branches of the Nile and, with 
their aid, feed the canals which irrigate the lands in the noiih. 

Mr. Foster, in his note (Appendix XII), has carefully studied this question- 
and gives it as his opinion that the construction of a Barrage on the Damietta 
branch, a little to the North of Zifta and 95 kilometres downstream of the 
existing Barrnge, would be the most effective and economical method of working, 
as far as the Damietta branch was concerned. I entirely agree with him. 
The work of widening and deepening the great canals which run through the 
most highly cultivated ])oi*tions of Lowei' Egypt would entail great difficulties, 
and be veiy costly. We should have to deepen them by some two metres 
and this would be no easy task in the slime that is found in the beds of all 
canals in Egypt. The widening entailed by the deepening would necessitate 
our taking up valuable land for which heavy compensation would have to be 
paid, as well as for the engines and sakias which would have to be remove^l. 
We should moreover have to alter or enlarge all our locks and regulators, a 
w^ork both costly and dangerous, especially when it is considered that the floors 
of most of these works would have to be lowered. This last operation would, 
as everv hvdraulic engfineer will undei'stand, expose the stability of the works to 
considerable risk. Over and above all this, we should have to carry on the 
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summer and flood irrigation bv means of these canals during t\\6 entire period 
that these existing changes were being made. 

A Barrage North of Zifta would obviate all these difficulties. On the 
eastern bank, the main canals, which would utilise the water, have their heads 
on the river, and with a water level raised by 4 metres over its present level, 
would easily carry the increased supply. On the western bank, it would be 
necessary to excavate the feeder canal and build its head works. This canal 
w^ould supply water to the Bahr-Shebin and the Sahel canal, and would be an 
easy and economical work. We should interfere as little as possible with the 
present system of canalisation, and gain the great advantage of being able to 
maintain full supply levels far down the courses of the great arterial canals at 
tJie time of maximum demand. This would afford incalculable relief to the 
rotation system and simplify it immensely. Lastly we should be able to utilise 
the infiltration water which exists in the channel of the river itself, re[)resenting 
a discharge of from 2,000,000 to 3,000,000 metres cube per diem, and runs to 
waste at present. 

For all these reasons, I pronounce most decidedly in favour of the construction 
of the Zifta Barrage. Mr. Foster estimates its cost and that of the works on 
the feeder canal at L E, 400,000. This allowance is a liberal one for a work 
in the Damietta branch with its narrow section and raised bed. 

In the Rosetta branch, the same arguments would apply in favour of a 
Barrage were it not that its bed is deeply scoured out, and no work constructed 
on it, in its upper reaches, would be of any use unless it held up 6 metres of 
water. Mr. Foster and I are at one in considering that the construction of a 
Barra^^re of such magnitude on the sandv bed of the river would be an exceedin<?ly 
costly work, and one that would inspire no great confidence when completed. A 
work in the Nile subjected to a head of 6 metres of water would run such risks 
of failure that I do not consider myself justified in recommending it. How then 
are we to carry out our remodelling scheme ? Mr, Foster discusses this question 
at length. For the western portion of the province of Garbieh, he proposes 
sundry alterations to the Baguriah and Qudaba canals in connection with the 
new feeder from Zifta to the Bahr Shebin. These alterations would meet the 
case, and although the system would not be so perfect as that pi'oposed for the 
eastern branch of the river, yet, seeing that a Barrage in the western branch is 
out of the question, it is the only possilde alternative. 

The future irrigation of the Behera province will, under the circumstances^ 
be a matter of extreme difficulty, and one demanding serious thought and consi- 
deration. This province is fed in summer by one single canal, the Rayyah 
Behera, which takes off from the upstream side of the Barrage; and the 
supplementary Barrage to the north has been found impossible. There are 
two ways of meeting the difficulty : we could return again to the system of 
feeding the canals from the Khatatbeh and Atfeh pumps, or we could widen 
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the Ravvah Bohora, ami its runiinuation \\\o KliaiatliHi, ihrouKhout iheir eniiiv 
length. The lii^l ahernative wouM iioi, I think, he ao'eptahle to the Egvprian 
Government, and I mvselt'shoiiM not, foi- nianv reasons needless lo detail here, 
reromniend its adoption. There is no ahernativt» then except the widening of 
the main canal. 

This widening is possilile. hut taught hv experience on this very canal, 
we know that the work should he undertaken verv LM'aduallv and tentativelv. 
The question of j»reserving a unilorm seriion in the Uayyah Behera, as it 
traverses the sandv desert, is i>nt» of irreai ilillitMdrv. Mr. Foster has so 
successfully mastered the prohlem uji to the present, rliai we may he confident 
of the proposctl widening heing su^.t^ssfully romph-ied under his supervision, it" 
he fon>i«lers it feasil)le. At the same time. I am sure he will l>e the first to cillow, 
that any project, which contemplates alttM-ations in the section of this canal, is 
one nor to he lightlv undertaken. We have had experience of the ease with 
which its regimen may he upset, and (»f the supr*eme <lillirulty of restoration. 

Admiitini: howevei* that it t-an he and must Ijc widened, if the lieh.Ta 
provim-e is to reap the henelits of tht» incrcascil supply, there still remains the 
question ot the cost of this undertaking. Mr. Foster estimates it at L.E.4OO.O00. 
A proposal to spend so large a sum upon one single Province makes me pause, 
more specially when it is ronsitlcred that this amount is exclusive of alterations 
antl extensions of existing ranals. At the same time. I see no other alternative, 
and as the extensions of cultivation on the Nul»arieh «*anal and in the *' Birea' 
lands will, in all prohahility, he on a large srale, they will. I think, justify me in 
liaviuL*^ allowed this heavv sum to he added to ih«' *'ost of our neivssarv works, 
Mr. Foster's estimate foi* Lower Kg\pt is as loUows : — 

Damietia l)arraire f.. E. 400, 0(K) 

Wideninir Ravvah l>ehera * 4(K).00() 

Improvements antl extensions of canals » 43T,(XfO 

Di'ainage » 470,001) 

<Mseh Provin<-e > l(i5,00<l 

Ti.TAL L. K. l,.S72.0tHI 



Of these items, the lirst two ha\c heen alreadv tlisrussed and their ue<*essiiv 
admitttnl. The third item might he reduced, as the propose<l new Barrage north 
of Zifta will permit of most of the main existiui: ^anals t-arrviQir their increased 
supply without serious alteration. The expendituiv will chiefly be incurred in 
the construviion of new hranch canals in the lands to he reclaimevl. Now 
re\:-iamation of lanl is a woi'k that must nevvssarilv proirress verv slowlv, ami 
manv vears will elai se hetore the whole of the area estimated for bv uscanl«e 
hroui>lit under cultivation. 
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The irrigation caaals, which need only to keep pa(*e with the reclamation, 
will not be coDstructedbefore the necessitj' for them arises, and in all probability, 
man}' of them will be carried out from the funds at our disposal in the annual 
irrigation grants. Under these circumstances, it is my opinion that a sum of 
L.E. 200,000 will suffice to make the necessary start in these works, and our 
Budget will provide the balance of the funds. 

On the other hand I consider Mr. Foster's estimate for drainage as low, and 
1 am increasing it by a sum of L.E. 100,000. Drainage works in Egypt are 
expensive, and are yet so absolutely necessary, that over-estimation is preferable 
to under-estimation. 

The remodelling of Giseh province calls lor no special remark. Mr. Foster 
has detailed all the necessary works in his note. 

The estimate for the remodelling of the irrigation system of Lower Egypt, 
as altered by me, stands thus : — 

Barrage in the Damietta Branch L. E. 400,000 

Widening the Rayyah Behera > 400,000 

Improvements and extensions of canals > 200,000 

Drainage > 570,000 

Remodelling Giseh Province > 105, 000 

Total L.E. 1,735,000 



With the aid of the foregoing figures, we can calculate the additional sum, 
by which the estimated cost of the Nubian dam or the Wadi Rayyao will have 
to l)e increased, befoi-e the water supplied by them can be utilised. 

(1) In connection with a dam and reservoir in Nubia. 

Additional cost of the works needed for utilising the supply in Middle and 
Low er Egypt : — 

Assyiit dam L.E. ^ 700,000 

Middle Egypt > 5(>0,000 

Lower Egypt > 1 ,735,000 

ToTAi L.E. 3,001,000 



(2) In connection with th(i Wadi Hay yon reservoir. 
Additional cost of the works needed for utilising the supply in Lower 
Egypt alone : — 

Assyiit dam L. E. cSOO,000 

Lower Egypt > 1 ,735,000 



Total L.E. 2,535,000 
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1 am now in a position to make the final selection of the projects whose 
execution 1 consider most culvisahle. I should place the diHerent projects in the 
following order : — (') 

(1) A dam at R.L. 1 14.00'" on the Assuan cataract. 

(2) » R.L. 118.00'" at Kala])sha. 

(3) i) R.L. 101.00'" at Silsila. 

(4) The Wa^li Rayyan project. 



With regard to the dam on the Assuan catarai^t, I jilace it first solely tioni 
the advantages it otlers li'om an engineering point oi* view. I am (juile aware 
that the difTiculty regarding the Phihc temple is a very serious one, and one 
tliat will very possil)ly, I might almost say })robal)ly, involve the rejection of 
the project. This is a question for the Government to decide. I have placed 
Kalahsha second in the list because I consider it more advisable to build upon 
granite than upon sandstone; were it not for the llict that the rock at Silsila is 
sandstone, I should have given the Silsila dam the second place. I have given 
the Wadi Uayyaii the last place for the reasons detailed in the preceeding pages 
of this note. 

The following table gives the comparative sums required for the complete 
execution of the difierent projects. 



NAMK 

t>F TIIK HEstHVnlU 


COSl' 
OF Tin: HtSIHVOIK 


COST 

OF THE WOHKs 

FOR THK UTILISATION 

OF TUB WATKR 


IOTA I. COST 


I Assuin 


L.E. 1,(>(X),();)(> 

» 1/)(X),000 
» 1,050,00.) 


L.E. 3,()01,00() 
)) 3, 00 1, 000 
» 3,001,000 
» 2,5^5,000 


L.E. 4.G)L()00 


11 Kalabsha 


» 4,601,o(i:.) 


Ill Silsila 


» 4,051,000 


IV Wadi Hayjaii 


» 2,7:>7,aM) 


» 5,20,?,(XX) 



Any one of the first three projects would take 7 years to complete; the 
fourth would take Irom *i to 4 years. But, as has heen shown, could not he used 
under lo years. The estimates for the dams are liheral as regards the desij^ns 
suhmitted. They are however necessarily liahle to modification, should the 
techni(»al commission recommend serious changes. In the case of Kalahsha and 
Silsila, there is a poj^sible further modification if the levels of the sound rock, as 
disclosed by the final borings now in hand, differ much fi-om the levels assumed 
in the estimates. These borinirs, as ah-eadv remarked, will he completed before 
the arrival of the commission. Considering the veiv special cliai'acter of these 
works and the possibility of additional unforeseen expenditure arising, I have 
decided to allow a sum of 20 per cent for (Contingencies instead of the 10 per 
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(I) I liav(3 oiniLlod Iho l»hiIjiMliimj»ItOK«Hlior Troin llie above list: foi' llir ioason> .IrlnUM on iKi«r»\<23 
*\ 24<)f Uiis iio((\ i lliink its coiistruclioii iiuulvi.-able. 
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cent entered in Mr. Willoocks' estimates. The total c^osts oftlie different projects 
given above will then become : 

1. Assuan L.E. 4,G9(i,000 

II. Kalabsha > 4,707,000 

III. Silsila , . . » 4,729,000 

l\. AVadi Ravvan >. 5,20->,000 

My note has assumed dimensions wliicli 1 had not at first anticipated, but 
I have found it impossible to make it shorter without sacTificing many of the 
arguments which have led me to my final conclusion. The result at which I 
have arrived is verv much the same as the conclusion come to l)v Sir (\ Scott 
Moncrieff and Colonel Ptoss in their note of 1891 on this subject. Mv task has 
been easier than their's, inasmuch as I have liad before me the result of two 
years' further study on the part of Mr. \Villcocks and his staff. 

The responsibility of making the final recommendation to the Government 
of Egypt will lie with the members of the Technical Commission, and will may 
feel confident tliat the course they will advise us to follow will be the one best 
calculated to serve the interests of the country. 

I myself trust that a reservoir will ere long be a feature in the irrigation 
system of Egypt, and that the successful completion of one work will have 
such marked effects on the agricultural prosperity of the counti'v that the 
(Government will be encourai?ed to undertake even bolder schemes. At the head 
of the second cataract, we have a possible site for storing water, and at the third 
cataract, it may be possible to so regulate the high Hoods of the river as to 
protect Egypt from every fear of inundation. I think then we may confidently 
predict that, if a reservoir be successfullj^ constructed, it will be only one of a chain 
which will eventually extend from the First Cataract to the junction of the 
White and Blue Niles at Khartoum. This question however is beyond the scojh? 
of the present note in which I have most strictly confined myself to a 
consideration of the country north of Wadi Haifa, and I conclude with Lord 
Cromer's words on this subje(*t taken from his note of 1893 : '' What is wanted 
is that Egypt shall have the l)est possible Pteservoir, whether it be in the Wadi 
Rayyan, or in the Nile valley itself, formed by means of artificial dams". 

Cairj, 27th December, 1893. 

W. E. (^AUSTIN. 
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1 . — Of all the methods whifh Egypt has ever employed for the increase mtroduotioa, 
of her material wealth, there is only one which has never failed her. Whenever 

the country has turned to the Nile it has not been disappointed. It was so 4000 
years ago when the problems of water storage and flood control engaged the 
attention of the Pharaohs of Ihe 12th dynastv. It is so to-dav. All those 
dynasties in Egypt which have grappled with drought and inundation, the 
two great enemies of their country, have insured the happiness of theii- people 
and deserved well to be remembered in historj'. When therefore at the 
beginning of this century Mehemet Ali merged the Egyptian question into 
the irrigation question, he followed in the steps of the very greatest of his 
predecessors and laid deep the foundations of his country's prospei*ity. Since 
his day Egypt has steadily persevered in the path laid out for her by his 
masterful hand, and to-day we ai*e considering the question of extending, 
to the whole valley of the Nile, the perennial irrigation and consequent intense 
cultivation which he gave to part of the Delta, and of insuring, for this future 
wealth, an immunity fi^om the terrible evils of inundation. 

2. — This problem of providing perennial irrigation and protection from subjeou 

considered 

Hood resolves itself into ten distinct heads : — in thui Report. 

I. The probable benefit to the countrv of an introduction of perennial 

irrigation . 
II. The quantity of water needed, and the times at which it is 

needed . 
III. The best methods of insuring this supply, and the probable cost of the 

works. 
I\'. The effect, on the magnitude and duration of the floods, of a substitution 

of perennial irrigation for the present system of intermittent 

irrigation. 
y. The best method of controlling the floods, and the cost of the under- 
taking. 
\l. The effects on the quality of the water when the new changes are 

introduced. 
Y\l, The methods of utilising tlie perennial supply when it is obtainable, 

and the cost. 
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VIII. The provision for the elfective di-aina}i:e of the country when it is 

under perennial irriiration, and its cost. 
IX. The effects, on navijiation, of the propose<l modification of the refriinon 

of the Nile. 
X. Tlie possible effect, on the sandy desert borderinj^^ the Nile valley, of a 
chanjre in (he present system of irriiration. 

3. — In this report an effort will he made to completely master the 
first six heads into which the enquiry is divided, and to consider the remainin^^ 
four, only in their relation to the others. It is not to he gathered that the 
last four heads are of small importam^e because they have l)een subordinated 
to the others. Some of (hem are of sucli magnitude (hat on their right handlinjr 
depends the future of the country, but experience and example have taught 
us how to act with i*espect to them, and they form tlio staple of our daily 
•work. As to how we should deal with them, we need no extraneous advice, and 
ask none. 

Brainajje. 4^ — Duriug the early years of ray work in Egypt, I was so forcibly 

struck ])y the damage done, to (he perennially irrigated ti'acts, by the oversatu- 
ration of the soil, that I devoted a large part of my book on Egyptian Irrigation 
to the condemnation of this system of irrigation in Tpper I^^rypt (*). Since then, 
•however, 1 have seen the wonderful transformation of the countrv, bv nine veal's 
steady and persistent effort to improve the drainage, in the face of continued 
discouragement. This transformation indeed seemed so slow in coming that 
for long it appeared chimerical, but to-day it is an establislied fact. Guided by 
my friend Professor Benetti of Bologna, I have seen the heavily irrigated, per- 
fectly drained and rich valley of the Po. I have learnt how drainage preceded 
irrigation in Lombardy (*), and why it is that the most heavily irrigated country 
in the world is also, after hundreds of years, the richest agricultural tract in the 
world. I have also learned that, in China, perennial irrigation has been practised 
for thousands of years, and notxfor only half a (vntury, as in Egypt, and that 
the land there i-etains its full strength and fertility. In this latter countrv also, 
Chinese historians record how drainage came first and irrigation afterwards (^), 
and that, in consequence, they have had none of those diificulties which, in 
India and Egypt, face the canal engineer at every stej). A\'e know now that, 
in future, drainage works must precede irrigation works in Egypt, and we 
can recommend a comprehensive scheme of perennial irrigation without any 
misgivings. 



(1) « Egypliaii In-igulioii ». Loiiilon, 1889, iKig(\s 82, 123, <dc. 

(2) « llydrauliquo ngricolo). Nadnull de IJuflbn, I, 2-*)2-2G8. 

(3) « Hydraiilique ngricole ». Nndaull do BufTon, If, 555, « Con^ivs dr rulilisation des enu\ •). 

rnris 1889, pages 310-323. 
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I. — Tho probable benefit to the country of ah introduction 

of perennial irrigation. 

5. — Owinsr to the absonce of rain, the agricnilture of E<?vpt depends Agricmture 
entirely on irrigation. The year is divided into three seasons : summer, flood and 
M^inter (*). The first season is the summer, which extends from the 1st of April 

to the end of July, while the Nile is at its lowest and the water most valuable. 
The summer is followed l)v the flood season, which lasts from tlie 1st of Julv to 
the 30th November, when the Nile overflows its banks. The third season is the 
winter, during the months of December, January, Febi'uary and Maivli, when 
the Nile is confined within its channel, but carries a supply in excess of agricul- 
tural requirements. The summer crops ai'e cotton, sugar cane, millets, rice, 
vegetables and fruit. The flood croj) is maize or millets ; while the 
winter crops are wheat, lieans, barley, vegetables, peas and clover. Certain 
parts of Egypt enjoy perennial iri'ig^tion and can always insure tv^o or three 
crops per annum. Others enjoy perennial irrigation only in good years, when the 
Nile in summer has a plentiful supjdy ; while the rest of the country is irrigated 
only in flood. The perennially and semi-perennially iirigated tracts are inter- 
sected by numerous canals and bear the character of any Ikcavily irrigated 
country. The lands which receive irrigation only in flood are either under 
millets if they are high-lying, or inundatel with water if they are low-lying 
and are therefore called a basins ». The water from these basins is drained ofl* at 
the end of the floods and 

« As it ehhs, \ho seedsm.in 

« Upon llie slime and oozo scaUci's liis ^vi\ni 

« And shorlly comes lo liarvest. » 

The harvest he reaps is the winter crop of wheat, beans or clover. 

6. — The cultivated area of Upper Egypt, or Egypt south of Cairo, is upper Eg^pt. 
2,iil5,000 feddans or acres. Of this area 460,000 acres are at present considered 

as provided with perennial or semi-perennial irrigation, while 1,755,000 are 
irrigated only in flood. The summer crop of Upper Egypt may be estimated at 
280,000 acres yielding L. E. 2,800,000; the flood crop at 530,00(» acres of 
maize or millets yielding L. E. 1,600,000; and the winter crop at 2,010,000 
acres valued at L. E. 7,035,000 ; while there are 2,600,000 date trees yielding 
L. E. 780,000 per annum. The annual yield of the 2,215,000 acres may be 
taken at L. E. 12,215,000 or L. E. 5.50 per acre. 



(I) « Egyptian irrigolion » pnges 36-118. Pi*ooeedings of tin' Inslitulion ofr.ivil Euginoci-s, London 
Vol. 88, page 300 and Vol. 90, p.igo 240. 
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7. — If perennial irrigation were provided lor the whole of Upper Egypt, 
the extent of the summer crops would be 750,000 acres yielding L.E. 7,500,000, 
while the winter crop would he reduced to 1,545,000 acres valued at 
L. E. 5,410,000. The flood crop would rise to 000,000 acres valued at 
L. E. 2,700,000 and the dates would remain unchanged. Ths total annual yield 
would become therefore L. E. 1(5,390,000 or nearly L. E. S per acre. The 
annual gain to the country would l>e L. E. 4,175,000. 

Lower Egypt. 8. — The cultivatcd area of Lower Egypt, or Egypt north of Cairo, is 

2,740,000 acres. The whole of this area is provided with perennial or semi- 
perennial irrigation. There are 1,000,000 acres under summer crops yielding 
L. E. 10,000,000 per annum; there are 1,200,000 acres under flood crops 
yielding L. E. 3,000,000; and 2,100,000 acres under winter crops yielding 
L. E. 6,300,000. There are also 1,000,000 date trees yielding L. E. 200,000 
per annum. The greater }>art of the land is double cropped, and the yearly 
yield of 2,740,000 acres may l)e taken as L. E. 20,000,000 or L. L. 7.30 
per acre. 

9. — Besides tlie cultivated land in Lower Egypt, there are 1,200,000 
acres of land to the north which are lying in a state of swamp, or as drj' salted 
jdains. In whatever state they are, they are capal)le of reclamation . The car- 
bonates and sulphates of soda and potash ( known as « reh » in India), which are 
destructive of all vegetable life, are })resent only in very small quantities indeed^ 
and however slow reclamation may be at the very worst places, it is nevei^ 
theless certain. It will readilv l)e understood that, since Nile mud is the detritus 
of volcanic rocks, while the two salts above mentioned come principally from 
metamorphic and plutonic rocks, the salts cannot exist in any quantity in liigypt. 
If the ancient basin system could be reintroduced into these lands, they might 
be reclaimed by the Nile flood, and the area of Egypt might he increased to 
what it was in Roman times. This might have been accomplished if Ijower 
Egypt had been still under basin irrigation, and the canals veritable rivers. 
The present canals are so small and contracted thai basin irrigation cannot be 
reintroduced into these low lands except on an insignificant scale. The only 
other method of reclaiming the lands is to provide perennial irrigation and 
introduce the cultivation of rice and cotton. 

10. — If perennial irrigation were provided for the whole of the culti- 
vated land of Lower Egypt, and the better half of the swamped and salted land, 
the iiSiin to the country might be estimated as follows: — the insurance of the 
cultivated land from drought may be put down at the moderate figure of 
L. E. 250,000 per annum. The 000,000 acres of reclaimed land would yield 
summer and winter crops worth L.E. 3 per acre. That is, the total gain to the 
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country would be L. E. 2,050,000 per annum, and the total yield of Lower 
Egypt would.be increased from L.E. 20, 100,000 to L.E. 22, 150,000 per annum. 

1 1 . — Taking Upper and Lower Egypt together, the present cultivated area L^^*y^^t 
of 4,955,000 acres yielding L.E. :}2,315,000 would be increased to 5,555,000 
acres yieldingL.E. 38,540,000 or a net gain to the country of L.E. 0,225^000 
per annum. As in this Report liowever, that part of Upper Egypt whicli lies 
to the north of Assiout on the left bank of the Nile, and which has an area of 
1,200,000 acres will be considered separately from the rest of Upper Egypt, 
it is as well to subdivide the net gain to the country. The improvement of Lower 
Egypt will yield L.K. 2,050,000 per annum, of Upi)er Egypt north of Assioui 
L.E. 1,500,000 and of Upper Egypt south of Assiout L.E. 2,075,000. Since 
Lower Egypt is already provided with regulating weirs across the Nile, and a 
complete system of perennial canals and drainage cuts, the perfection of 
its irrigation system will be the easiest and might first be undertaken. 
Upper li4^ypt, north of Assiout, has the most difficult and costly of its canals 
completed, but needs a weir across the Nile at Assiout and it might be taken 
in hand after Lower Egypt. That part of Upper Egypt which lies to the south 
of Assiout needs both weirs and canals and should naturally l)e dealt with after 
the others. 

12. — I have so far considered only the direct gains from perennial Pisciculture, 
irrigation, I now come to a new industry which has yet to be introduced into 
Egypt and which accompanies such irrigation in the sub-tropical regions ol' 
China, I mean pisciculture. I preface my remarks by a quotation from General 
Tcheng-ki-tong's paper read at the Paris International Congress in 1889 (')c 
€ 1 may add that, without these gigantic irrigation works, the Chinese could 
« never have carried to such a point of perfection one of their most important 

< industries. I speak of pisciculture. Thanks to the abundance of water, the 
€ whole of my countrymen, instead of contenting themselves with covering with 

< their fishing boats, the seas, rivers and lakes of our counti-y, have devoted 
€ themselves to the l)reedingof fish. Thespawn is everywhere carefully collected; 
€ tar fi'om leaving it to take its chance the peasant gives this source of wealth 

< a safe sheltei' in some spot where a perennial supply of water can be assui'ed. 

< The irrigation reservoirs team with fish. During winter the rice fields are 

< fallow; the water is let into them and they are instantly full of carp. This 
€ industry allows us to make fish a considerable factor in the food of our people. 

< The fish are either eaten fresh ; or salted and dried, they are despatched 



< 
« 



to all parts of the Empire and sold at a price which is remunerative though 
it is exceedingly cheap >. 



(1) w CongiM>K <le I'ulilisalion dos eaux ». Paris {889, page 320. 
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13. — Wlien we consider the wanton desliHK^tion ofinyriadsofj'oung fish 
which goes on yearly in winter in Egypt, and the ent ire al)seneeofany attempt to 
hreed them, we may with safety predict the creation of a new and very impor- 
tant industiy in Eg\'pt, when once a plentiful siipj)ly of water is assured. This 
will especially he the case if the hasin reservoirs, to he hereafter described, are 
as successful as I anticipate. The Egyptian (iovernment might indeed Ijegip at 
once with experiments on a small scale in the Kayoum and in the Berea with one 
or two of tlie superior kinds offish in the existing perennial canals and lakes. 

n. — The quantity of water needed, and the times 

at *virhich it is needed. 

^^^y 14. — By a series of careful experiments it has heen determined that the 

of WAtar. 

minimum quantity of water needed for the efiicient irrigation of an acre of cotton 
is 17 cuhic metres per day in summer delivered in the field Q. By a different 
set of ohservations on the irrigating power of canals we have found that in 
t]gypt an allowance of 5 cuhic metres per day per acre irrigated must lie made 
for evaporation, ahsorption and waste. Adding these together, we find that 
::J2 cubic metres per acre per day (ahout I culuc foot i)er second per 100 acres) 
should he provided for cotton or any other dry crop during the height of the 
summer irrigation. For wet crops like rice a supply of 40 cuhic metres per 
acre per day is requii*ed in summer and flood. Foi* winter crops a supply of 
1 1 cuhic metres per acre per day is required. It is assumed that 7 of the total 
(cultivated area is under summer crops like cotton, while 7 of the reclaimed 
area is undei* rice summer. During flood the whole area requires irrigation. 
In winter the demand depends on the frost. Taking these calculations as a base, 
I have worked out the following table of the requirements of perennial irrigation 
in Egypt. A canal i>roviding efficient irrigation should be capable of discharging 
as follow^s at the time of maximum demand. In winter 1 1 cubic metises j)er day 
per aci*e commanded. In summer 7 of 22 or s cubic metres per day per acre 
commanded if the crops are cotton and sugar cane, and 7 of 40 or 13 cubic 
metres per day if the croj> is i*ice. In tlood 2^) cubic metres per acre per day for 
cotton, sugar cane and maize, and 40 cubic metres i»er aci-e per day tor rice. 



Times 
of demand 
for water. 



15. — The above figures a])ply to the timeof maximum demand. It remains 
to consider the state of the demand throughout the year. In both Upper and 
Lower Egypt, the demand decreases from the 1st of November to the 1st of 
December and is very slack during the hitter half of December and the whole 
of January and February, unless there is frost. I)uring March the demand 
increases steadilj^ for the sowing of the summer crop, but the area of this cix>p 



(I) « EKYplia" irrij^nlion » — pages 23*. 235, At*. 
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is very much under the winter crop. The demand goes on increasing steadily 
thiough April and May, while, at the same time, the area to be irrigated is 
decreasing. There is a maximum demand in June for the summer crops while 
no winter crops are on the ground. From the 1st of July begin the early maize 
sowings and there is an increase in the demand, which becomes very acute 
about the 15th July everywhere except in the rice lands, where the heavy 
summer demand which had begun on the 1st May does not become acute before the 
1st August. Through August, Septemberjind October there is a maximum demand 
for the whole area. Summing up our information we may tabulate it as follows : — 
Cubic metres of water required per day per acre commanded. 

January 

February 

March 

April 

Mav 

June 

July 1st to 15th 

July 16th to 31st . 

August 

September. 

October 

November 

December 



Lower 
Cultivated. 


F.OYPT. 

HoclaiiTiofl. 


Upper Et.ypt 


8 


4 


8 


8 


4 


8 


s 


4 


8 ' 


8 


4 


8 


8 


13 


8 


8 


13 


8 


13 


13 


13 


25 


13 


25 


25  


40 


25 


25 


40 


25 


25 


4h 


25 


11 


11 


11 


8 


4 


8 



16. — The total discharges in cubic metres per daj needed for Lower oiuiatuy 
Egypt, Upper Egypt north of Assiul, and Upper Egypt south of Assist, ori '^^^^ 
this assumption, are as follows : — 

Lower K(iYi-T. Upper Kcmt. Uppbu Ivgypt. 

Norlti of AssiiiL Soulli of As^i;^l. 

January 24,500,000 9,600,000 ""9,600,000 

February 24,500,000 9,600,000 9,600,000 

March 24,500,000 9,600,000 9,600,000 

April 24,500,000 9,600,000 9,600,000 

May 30,000,000 9,600,000 9,600,000 

June 30,000,000 9,600,000 9,600,000 

July 1st to 15th 44,000,000 15,600,000 15,600,000 

July 16th to 31st 75,000,000 30,000,000 30,000,000 

August 92,000,000 30,000,000 30,000,000 

September 92,000,000 30,000,000 30,000,000 

October 92,000,000 30,000,000 30,000,000 

November 34,000,000 13,000,000 13,000,000 

December 24,500,000 9,600,000 9,600,000 
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Converting those into cul)ic metres per second we have : 



Januai'v 

Februarv 

March 

April 

May 

June 

Julv 1st to 15th 
Julv IGth to 3 1st 

August 

September 

Odober 

November 

l)eeeml)er 



I.OWKH M«iYI»T 

» 


Ul'J'BH I'JiYI'T 

North of Assif.l. 


Uppeh \Ui\Pt. 
South of As>ifit 


300 


110 


110 


:iOO 


110 


110 


300 


110 


110 


300 


110 


110 


350 


no 


110 


350 


110 


110 


510 


18(» 


180 


<»0O 


350 


35(» 


1,100 


350 


350 


1,100 


350 


350 


1,100 


35( » 


350 


100 


150 


15(> 


300 


110 


110 



Supply 17. — Taking 1877-78 and 18S8-S1), whieh aiv the two worst years 

for irrigation on record, we find that the amount of water in (*ubic metres per so<*ond 

available for iri'ii>ation in a verv bad vear is as follows : — 



January 

». 

Februarv 

March 

April 

May 

June , 

July 1st to 15th. 
Julv 10th to 31st 

August 

September 

October 

November 

Deeember 



I.OWI.U IviVI'T. 


Ul'I'Klt hUiVI-T. 


Ui'i'BR EoYi'-r. 




Norlii of As^iiil. 


South of As-^iiil 


300 


110 


110 


300 


110 


110 


3( M ) 


no 


90 


275 


00 


- • 


:> 15 


25 


• • 


'22t* 


25 


• • 


21T> 


25 


• • 


525 


175 


350 


1 , 1 00 


35( > 


350 


1,100 


350 


350 


1,100 


:{5(> 


350 


100 


1 5( » 


150 


300 


110 


110 



Supply 



18. — ("omparing the quantities needed with the quantities available we 



needed from ^^^ ^^^ ^l^^ deficiencies in cubic metres per second are as follow^s : 
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Lower Kgypt 



January 

February 

March 

April . 

May 

June 

Julv 1st to 15th 

July 16th to 31st 

August 

September 

October 

November 

December 



• • 



25 
105 



1 






295 
375 



Upper tx.YPT. 
North of Assint. 



20 

85 

S5 

155 

175 



Upper Kgypt. 
South of Assiftl 



20 
110 
110 
110 
180 



19. — With an extraordinary maximum discharge of ()3i) cubic metres 
per second and an ordinary discharge of 320 cubic metres per second, the reser- 
voirs will have to supply the following quantities of water per annum : — 

Lower Egypt. Upper Egypt. Upplr Egypt. 

North of Assini. Soulh of AsUnl. 

March . . . . 00,000,000 

April 70,000,000 60,000,000 290,000,000 

May 280,000,000 230,000,000 290,000,000 

June 330,000,000 230,()00,0()0 290,000,000 

July 1st to 15th. 340,000,000 200,000,000 230.000,000 

July 16th to 31st, 480,000,000 230,000,000 

Per annum 1,500,000,000 950,000,000 1,160,000,000 

For Lower Egypt therefore we need a reservoir capable of supplying 
] ,500,000,000 cubic metres per annum with a maximum discharge of 375 cubic 
metres per second. For* Upper Egypt North of Assyiit we need a reservoir 
capable of supplying 950,000,000 cubic metres per annum with a maximum 
discharge in July of 175 cubic metres j^er second. For Upper Egypt South of 
Assyut we need a reservoir capable of supplying 1,160,000,000 cubic metres 
par aunum with a maximum discharge in July of 180 cubic metres per second. 
The total supply needed for the whole of Egypt is 3, (510, 000,000 cubic metres 
per annum, with a maximum discharge in July of 030 cubic metres per second. 

20. — As we have taken a minimum year in making our calculations xha source* 
and provided sufficient water to insure a good harvest under the most unfavour- '''*^' ^^"^ 
able circumstances, we may count on being able to dispose of a more liberal 
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supply in averaire voars aiitl yeai's ahove the averaire. The importance ol' this 
liberal iniization to ilie wealth ot a <*ouiiirv is well Ijorne out bv the condition 
ot'ljombarily, where a supply oirir) rulpi«- nn»iies per day per acre is availal»le 
for general crops and 85 rubic mciivs per day pci- acre tor rice, ami where the 
advauiatres ol'ihis plentiful sui»i»ly arc everywhere apparent ('}. A supply, such 
as this, and «oniliiions, such as Lombardy enjoys, ran be secureii tor Kjrypt 
bv no svsiems of reservoirs in K;!vi»t itself. If we wish to secure these irrear. 
advantages for Egyiit, we must regulate the suj»ply issuing from the vast lakes 
w Inch constitute the sources of the Nile. There alone we deal with quantities <»f 
watei* which approach these liguivs -). In Egypt itself, however, we ]»osscss 
the means for storing <at a foinpararivtdy high cost certainly) all the w.-ikm* 
w hicli is needed to proviile the whole valley of the Nile with perennial irrigation 
on a scale not less liberal tha!i iliat cnjoyi?l ay the perennially irrigate*! 
provinces of Egy[)t to-day. 

III. — The best methods of insuring the required supply 

and the probable cost of the ivorks. 

¥w»«rvoir» 21. — Wc liavc uow to considci' tlic nKMhod> of insuring the re<juired>upplv 

of water to Eurvpt. Water niav be sit>rcd in reservoirs in the vallev of the Nile, 
in depressions in the deserts outside of the Nile valley, ami in waste lands in the 
Delta. For the present I shall consiilcr only those reservoirs which aresituatiMJ 
in Eg\pi itself and in that part of Nuliia which is under the Egyptian Govern- 
ment. Eater on I shall return to the natural reservoirs which are not under the 
Et:\ ptian (iovernment. 

RMcrvoirs 22, — Kcscrvoirs in the NiK» valley ran be fonne*l by constructing, ai 

^^♦Nne^ places where a suiial)le rocky bed is available, solid submergible dams over 
whose crests the river in llooil niav disfliariie itself: or bv constructing s(»liil 
insubmeririble dams and turnini: tht* Nile luer waste weii*s: or thirdlv bv 
buibling insulunergible dams jiioviiled with numerous uudersluiees eapal»le »»r 
disvharirint: the Mood waters without anv material interference. 

sciid 23. — tM" solid submergible dams there is a ci>nsiderable number in 

* '^.!ul!if ^*' existenv;v. I»ui they have been generally liuilt on inronsiderable streams. The 
Turloch dam in ralifornia and ibe Iteiwa dam in India have however been 
ronstrui'tcil on lousideralde rivers. The Turloch dam is 102 metres long and 
has a maximum height oi' 10 metres with a maximum depth of water over tlio 
iiesT o\ l.r> met!vsv'». The tloods tlieiv must be rare and of short duration or 

(1. •'Ui'ii.iuii.nu' N.uiiull J.' UulVoi; I. 22:^ 27l>-J7f>. 

y'2) Api'i'iHiix IM. 

(;"» \I.Mtu;jl I'l In it:,i'!i'ii Kn.tiniriM ini;. 'W li-.m. \«»\\ ^.^:k, l?,'3. I'^ti^i- 2'^b 
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the work could not stand. The Betwa dam is 1U80 metres long and has a 
maximum height of 18 metres with a maximum depth of water over tlie crest 
of 5 metres (^). At the Betwa dam the cross section is so designed that the 
water flowing over the dam in flood cannot strike the downstream face, while 
at Turloch the flood w^aters flow down the face of the dam. On a river like the 
Nile, whose floods are considerahle and long duration, 1 think that a solid 
submerged dam 12 metres in height is the highest which could be built with 
security. The downstream face of such a dam could be made vei^tical or nearly 
so, and there would consequently be no action on it. 

24. — Of solid insubmory:iblc dams with waste weirs there are ver-y man v i^^^^^^^q- 

^ ./ t/ ible dams 

examples in existence. The earliest works of this kind are in Spain, while in with waste 

weirs 

France, dams were first built on the modern scientific principle of width i)ropor- 
tional to pressure. The whole question of dams of this type has been exhaustively 
treated by the Italian Engineers Zoppi and Torricelli (^), while Appendix I 
contains an epitome which I have made in English of their valuable works. 
Such dams are built at times of considerable height ; e. g. the new Puentes 
dam in Spain is 72 metres above its base, while 50 metres is quite an ordinary 
height nowadays. 

25. — All solid dams are provided with small scourini>: sluices for the '^^^ ®"**"9 

* *^ up of 

purpose of scouring out the mud which has deposited in the reservoirs owing reservoirs. 
to the ponding up of the rivers in flood. These sluices have however been a 
conspicuous failure on all muddy streams except where tlie reservoir is very 
narrow and has its bed on a very steep slope f). At the 1889 Paris Inter- 
national Congress for the utilisation of rivers, Mr. Llaurado, a Spanish Engineer, 
stated that in a few years the Puentes reservoir had silted up to a vertical 
height of 14 metres, while the Nijar reservoir had silted up to the very top of 
the dam (*). Two reservoii's in Algeria have been conspicuous failures owing to 
the same cause (^). Indian irrigation literature teams with this sulyect. 
When we have to do with a river like the"^ Nile which has a slope of ~^, 
which occasionally runs liquid mud in August, and is heavily charged 
with matter in September and October (*), we may safely predict that any 
works, which raateriallv interfered with the flow^ of the w^ater in flood, would 
immediately cause a heavy deposit of silt and steady obliteration of the 
reservoir. We may have an idea of the amount of silt the Nile is capable of 



(1) Public Works D<;paitrnonl. N. W. I». Iiidui. Froreediii.y^s July 1888. 

(2) Lnghi arliflcinli dcII'AlgvTiu, della Fraiicia c del Belgio. Roma 1880. 
I^ighi ortiflciuli c iiTignlioni della Spagnu. Florence, 1888. 

(3) See Appendix I. 

(4) Congr^s de rulilisation des enux fluviales. Paris 18S0, pages 7 and 8. 

(5) '• Les Irrigations" A. Uonna. Paris 1888. Vol. I, page 521 and the first part of Appendix I. 

(6) Proceedings of the Institution o( Civil Engineers, London. Vol. 90, page 244. 
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<lepositing if we roiisidor thai, (liiriiij.^ an avora;^^e flood at Assuan, the Nile 
<*anies in suspension (') 

11.71 eul)ic metres of solids per seeond 



In Auirnst .... 
In Septeniljer . . 

In October 

In Noveml)er . . 



1. 12 



> 



> 



> 
> 






or sav 55, ()()(), 000 cubic nielres in four months. The reservoir would l»e 
descreased l)v this amount pei- annum, while the soil of Kjrypt deju'ived of this 
rich mould would become ])ooi' indeed. We may look at the (juestion from 
another point of view. .ludirin^^ from observations on the Assuan and Cairo 
^^aufres we estimate that the soil has risen 0.1:? metres per 100 years on 
5,000,000 acivs or :? 1,000,000 (^11)10 metres pei* annum. I also estimate that 
:it),000,000 cul)ic metres of mud reaches the sea per annum, 0)so that the mean 
discharire of solids per annum at Assuan may be taken at 00,000,000 cubic 
metres. These (juantities are so serious, Avhichever way we look at them, that 
they exclude any hope of constructing: solid dams of the ordinary type(*) in the 
valley of the Nile downstream of the Atbara junction. 



26. — It now remains to <*onsi(h»r the *{rd class of reservoir dams, 
namely insubmerjrible dams with numerous undersluices capable of discharjring 



Instibmerg- 

ible dams 

•with 

undeTrruices. t'lC flood watcrs witliout much more interference tlian the silt of an ordinary 
i-apid on the Mile. With such dams the muddy flood waters will he able lo pass 
on without parting with theii* silt, and when the compai^atively dear winter 
supply has commenced to fhnv, the slui(*es in the dam will be gradually closed 
and the excess water in the river stored for use in summer. When I wrote my 
lirst report on dams on the 1st May ISOI (\) I thouj^ht that the idea was a novel 
one : since then however I hav(» heard of the Hhattrai'h reservoir dam on the 
Nira river in Iiomba\", and have before me the report on the work (*). On page 
IG of that report, tiicre is a (juotation from a letter of Col. Fife, written in 1889, 
in which he recommends that the (him be constru(*ted with numerous under- 
sluices so that floorls with their silt miulit ])e passed throuah it and thus obviate 
tlie silt diflicultv. Mr. Whitinn*, the enirineer in charireofthe desi}?n, designed 
and built the dam with 15 sluices of 2.1 1.2 metres, spaced 5 metres 
apart. The sills of the sluices are from 5 to 1 1 metises above the foundation 
level of the dam and 2() Jiietivs l)eh>w hiirbest flood level or high water level of 
the reservoir which is one and the same. For hiirh floods, there are two waste 
weirs with a Joint waterway of 2V^ metres 2.5 metres, with their sills 
:^.5 metres below high flood level. The 15 undei-sluices are regulated by means 



(L) Knd (>r Appt'iulix 111. 

(2) Apporidix I. 

CJ) •* Nilo ncscivoii's". Uopor-l )>y SirCoIin Simll Moin-rifn, Col. Ross and Mr. WiJIcucks, ('niro IS:H. 

J i) I^L'poil of llip NiiM Oni.il Works, homhny 1892, pat^G IS. 
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of cast-iron gates worked by screAv-gearing. After the 1st lieavy floods in July, 
the river is discharged through the sluices with a head of from 1 metre to 4.5 
metres and occasionally there has been a head of Ifi metres on <he sills of the 
sluices. It is estimated that the maximum velocity throuirh the undersluices 
may rise to 18 metres per second ('), which seems very excessive. The whole 
desiirn is exti*aordinarilv bold and hardv. The section of the dam has not been 
increased at the undersluices. The asblai* work is oS (»entimetres tliick. 

27. — For the Nile 1 propose a waterway of 2000 srjuare metres in the waterway of 

uDdersIuices 

undersluices and no waste weirs of any kind. The undersluices will discharge in Nile dams, 
the whole fli)od and insure the i*eservoir from beint: obliterated. The mean 
maximum flood of the Nile at Assuan is 10,000 cubic metres per second and 
this will be discharged with a mean velocity of 5 metres per second and head of 
2 metres ( v = . 8 i-^ '2~i]. Tlie August flood of 8,000 cubic metres per second 
will be discharged with a velocity of 4.25 metres appi^oximatively and head of 
1 .5 metres. An extraordinary flood of 14,000 cubic metres per second which 
comes two or three times in 20 years and lasts a few days will be discharged 
with a velocity of 7 metres per second and head of 4.25 metres. In the above 
calculations the velocities are taken at the section through the sills, while there 
is a drop of 50 centimetres in the floor immediately below the sills. The muddy 
Hood discharge will be scarcely interfered witli, and that is the principal .point 
as far as the silting up of the reservoir is concerned. The granite ashlar under- 
sluices will be capable of standing the velocities which the water will attain. 

28. — After an inspection of the i)rincii)al svstems of i-eL!:ulation in Italv, 

* lie r> ,7 UndersluiccB. 

France, England, India and Egypt (•), I am of opinion that the only system of 
regulation capable of working on the scale and under the conditions imposed on 
us in the Nile valley are Stoney's patent self balanced roller gates. I have seen 
these gates working in Ireland and England, and tested at Ipswich a pair of them 
for Holland. After a theoretical examination of the subject with Professor 
IJenetti of the University of Bologna and an exhaustive practical examination 
with Mr. F. D. M. Stoney M. I. C. E., I have (»on(du(led that gates 2 metres 
wide and 10 metres high will best meet our rerjuirements. With such gates 
under 22 metres head of water, the working pressure upon the rollers can be 
easily maintained at one third of a ton per lineal inch wdiich is Mr. Stoney's 
safe limit ('). We shall also be able to dispense with arches and cover the sluices 
with granite lintels. All cut stone arches which are heavily loaded on the 
crown are liable to settlement, and leak when under a great head of water. 
A lintel is the safest and soundest covering when only ashlar is employed, 

(1) Rc|>ortini llie Nira Cunal projocl. HombJiy 1892, page 18. 

(2) Appendix II, contains my report on the tlitlerent systems of n'^^ul.Uion. 

(3) Appendix IV, contains Mr. Ston(»y*s rt»|)ort on the gales proposed for the dams on Uie N.de^ 
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Calculations. 



29. — Plales 2 and 3 give plans, elevations and sections of the gates 
unde 15 metres and 22 metres head of water respectively, while plate 13 
gives the calculations on which the dimensions have been based. The centre 
of pressure with the reservoir empty or full is always in the middle third and 
the maximum pressure is 6.5 kilograms per square centimetre at the toe of 
the piers and 7.2 kilograms at the toe of the solid foundation below theunder- 
sluices. Appendix. V gives Professor Hudson Beare's report on Egyptian stones, 
and the weights of the different kinds of masonry have been calculated accord- 
ingly. Full allowance has everywhere been made for the sluices. The class of 
masonry and the composition of the mortar are given in detail under each 
separate dam, while Appendix VI gives the results of experiments on Egyptian 
mortars. 

Detaua gQ^ — Siucc thcrc arc 2000 square metres of waterway to be provided 

of dams aad ^ «/ i 

undersJuices. 3^ ^ miulmum, it will readily be seen that this can be done in an infinite number 
of ways. I have everywhere taken the mean high flood of 10,000 cubic metres 
per second as the standard of reference and insured in every design that 2,000 
square metres of sluice area will- be drowned at this stage of the river. Work- 
ing on these lines, some of the dams, especially the low ones, need only 2,000 
square metres of waterway, while the high ones need 2,400 square metres. 
The dams will be everywhere constructed on living rock. Where the depth of 
water exceed 32 metres, the dam will be solid and of the section proposed 
by Professor Rankine (*). Where the depth of water is under 32 metres there 
will be provided some 10 or 80 undersluices 10"^ X 2"", with their sills under 
22 metres head of water ; and when the depth of water is under the 25 metres 
there will be provided some 30 or 40 undersluices 10°' X 2"*, with their sills 
under 15 metres liead of water. Care will be taken that the sills of the under- 
sluices are nou^here more than 10 metres above the foundation level. I consider 
this as the maximum height which is safe. Under this height the toe of the wall 
(•an be kept well retired from the action of the water which has issued through 
the undersluices in flood. When this height is exceeded, either the floor of the 
undersluices has to be lengthened, or the toe has to be advanced downstream in 
the wash of the seething water. 



rZ^r^ 31 . — Speaking generally I should thus describe one of the proposed 

dams for reservoirs in the valley of the Nile. The design for the work consists 
of a solid insubmergible dam pierced with 100 undersluices of 10*" X 2*", and 
constructed on solid rock. The piers between the undersluices are 3 metres 
wide and every set of ten sluices is separated from the next by abutment piers 
10 metres in width. I consider these abutment piers necessary in order to give 

(I) Miscellaneous Scientific papers — Rankine. London 1881, page 51^0. 
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a knotty structure to the dam. The dam however is strong enough to i*esist the 
maximum pressure on it without tlieir aid. The floor, the faces of the piers, 
the lintels, and the cutwaters up to flood level are of the hest granite ashlar. 
Thei'e is no arch work of any kind in the dam. The design is in keeping wilh 
the ancient buildings in the neighl)ourhood, whose architecture lends itself 
eminently to the massiveness of a reservoir dam. All the undersluices are 
regulated by Stoney's patent balanced roller gates. Daring the whole of the 
flood, the gates will be fully open and the flood waters of the Nile will be 
discharged through the undersluices. The navigation is effected through locks 
blasted out of the living rock in great part, and with channels well retired from 
the up and downstream action of the dams. There is a double lock of 75"'X12°' 
and a total head of 25 metres divided into 12 and 13 metres. The gates are 
exceedingly high but not more massive than those proposed for the locks 
blasted out of the living rock for the Nicaragua Canal (^), while the area of the 
gates is by no means excessive compared with those now constructed for 
important docks (*). In the estimates, however, I have allowed for 4 lifts of 
(i metres each. Hydraulic lifts are out of the question when we have to deal 
with steamers such as ply on the Nile. 

32. — The reo^ulation at the dams will be i>erfbrmed in the following Regulation 

^ * ^ at the dama, 

manner. When the flood has passed and the comparatively clear winter supply 
has begun to flow, the lower undersluice gates will be gradually lowered until 
the water begins to rise and flow through the higher sluices. When the watei- 
has risen to a height of from 3 to 4 metres above their floors and is 10 or 1 1 
metres above the floors of the lower sluices, these latter will be completely closed 
and the whole river will be discharged through the higher sluices, which wiU 
now be gradually closed until the water in the reservoir rises to its full level. 
In closing the gates, care will be taken to divide the discharge of 1000 cubic 
metres per second equally between the 100 sluices, so that it may be broken up. 
If this is considered unadvisable, it will be easy to turn the minimum discharge 
of 520 cubic metres per second over a waste weir at a cost which may fairl}' be 
debited to the contingencies. When the reservoir has to be emptied, the revei*se 
process will be perfoi*med. The higher sluices will first be opened and then the 
lower. The former will be worked un ler a maximum head of 15 metres, and 
the latter under a maximum head of 1 1 metres. 

33. — I have stated that the reservoirs will be filled after the flood. rimed 

It remains to be proved that there is a sufficient surplus of water in the Nile the reservoir* 
after the floods have passed to allow of the reservoirs being filled. 1 confine beflued. 

(1) Proceedings of llio Knjj^inecr's Cluhof Pliilodelphin, 1886, page 332, where delnils of the locks jire 
jjfiven. The lifts vary- from 8 metres lo 16 metres and the widths nix? 20 metres. 

(2) Minutes of the proceodin^r^ of the Inslilulion of Civil Engrinoers, Vol. 101, puK^ 129, nnd Vol. Ill, 
IKi^cs 41 lo 128. 
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the enquiry to the most imfavoural>le years. In a year like 1877 or 188S, the 
discharge of the Nile is in Noveml)er 2T){){) (*uhi(* metres per second, in December 
1700, and in January 1-200 cul)ic metres per second. The recjuirements of irri- 
gation ai*e 700, 520 and 520 cuhic metres per second respectively in the three 
months. But the free navigation of the Nile by the large steamers requires a 
discharge of 1000 cubic metres per se<»ond, so that the (juantities available for 
storage are : — 

In November :i, 800,01)0,000 cubic metres 

In December 1,800,000,000 > > 

In January 500,000,000 » ^ 

ToTAi 0,100,000,000 cubic metres 

Sin<*e :{,()10,00t),000 cul)i<* metres of water are only needed, it will readily 
be seen that, in the verv worst vears, tliere will be abundance of water to spare 
for thefillinsf of the reservoiivs in the vallev of the Nile. 



Geology 

of the 

Nile valley. 



34. — As a description of the geology of the Nile valley would have 
occupied too much space in this report, I have collected all the information 
necessary for the right undei'standing of the project and put it into Appendix ^' II. 
On a geological matters I shall refer to it. I gladly record here my indebted- 
ness to Professors Mayer Eymai-, Schweiufurth and Sickenberger for the 
material help I have received Irom them. 



Pbilse 

and 

Abu Simbel. 



35. — The existence of the two templets of Phihv and Abu Simbel has 
also to be tiiken account ot in all (luestious connected with reservoirs, and I may 
state here that in deference to publi(* opinion, which is against the sacrifice of 
the site of the latter* temple, J have prepared my designs for reservoirs so as to 
leave the Phila) Temple entirely free h-om any possibility of inundation. .Mki 
Simbel is far out of the reach of anv reservoir. 



History 

of the 

reservoir 

question. 



36. — IJefore entering upon the detailed dcsci-iptions and estimates of the 
different re.servoirs, I think it will elucidate the su])je(*t if I give a slight historical 
sketch of the i*eservoirs question. The fame of the ancient Lake Moeris had 
made a profound impression on the mind of Mehemet Ali and he urged on his 
Chief FiQgineer Linant Pasha (*) the necessity of undertaking similar works. 
Linanl Pasha first set himself to dis(»over the site of the ancient lake and then 
estimated roughly the cost of reconstini(*ting it, l)ut considered the cost prohJbi- 
tive(^). He also recommended (Jebel Silsila as a suitable site for a weir and canal 
head (*). The failure of the Hari'age discouraged tlie(Tovernment from undertaking 



(1) '« Meinoiros sut* l(\s Iravaux |)uhli«'s imi F.jivpl », hy Linaiil do Hi^IIcUmhU. Pari^ 1873, ppgos 418 & 4W. 

(2) n )> )) » i) )) » » v w 88 d: iilO. 



(3) 



j> 



)i 



» 



» 



» 



» 



» 



» 



J^ 
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new works and the question dropped. In 1880 Count de la Motte^^'), a Freuclimari, 
took up the question of reservoirs and proposed a dam at Gebel Silsila and a 
reservoir to the south of it; the works were to have cost L. K. i, 000, 000 
exclusive of compensation and the reservoir was to have confained 7,000,000,000 
cul)ic metres of water. As a counter project to this, Mr. Cop^ Whitehouse(*), an 
American gentleman, in 1882 suggested utilising the Wady Rayan a depression 
in the desert that had already been mentioned hy Linant Pasha in his l)ook (^) 
and located by him on his hydrological maj). Financial difficulties and the 
supposed failure of the Barrage prevented the Egyptian Government at that time 
from seriously considering the question of reservoirs for increasing the discharge 
of the Nile as it had insufficient means of utilising the supply then existing. 
The subsequent success of the Barrage gave new life to the question of reservoirs, 
and, at the request of Sir Colin Scott Monerieft*, the Government deputed Col. 
Western, Director General of Works, to give shape to the suggestions made 
hy >Ir. Cope Whitehouse, to make plans of the Wady Rayan and the deserts 
between it and the Nile, to find out the capacity of the reservoir and see if 
it could be utilised. Liernur Bey and a staff of Engineers were placed- under 
his direction and they prepared the contoured map of the Wady llayan 
and the surrounding deserts. Col. Western's report, plans and estimates were 
printed bj'^ Government (*). Partly owing to financial considerations, but still 
more to the differences of opinion among the Officers of the Irrigation Depart- 
ment as to the feasibility of carrying out the project, the question was for the 
time shelved. 

37- — Meantime the othei- project of Count de la Mottefor reservoirs in 
Nubia was being studied, and on its being unfavourably reported on, owing to 
the mistakes in levels, in 1880 Mr. Prompt, a member of the Egyptian Railway 
Board, suggested utilising the trough of the Nile itself for a reservoir in the 
absence of the low plains which did not exist. As by this time the Barrage 
repairs were practically completed and the effect of the drainage cuts begun to be 
appreciatively felt, the Government, again at the I'equest of Sir Colin Scott 
Moncrieff, decided to study the Avhole question of reservoirs anew and did me 
tlie honour of appointing me Director General of the Study. Messi-s. Hewat, 
lloux, Clifton, stent. Amir Bey Abd el Bai\ Abder Rahman Rushdy, Mohamed 
Shukri, Abdalla Hassib, Abdalla Rifaat, Mohamed Saber, Mohamed Balig and 
some other engineers were placed at my disposal, and this report and the plans 
Avhich accompany it are the result of our labours. We have studied both the 
reservoirs in the valley of the Nile and in the depressions in the deserts outside 
of the Nile vallev. 



(I) « Le Nil » l)y Uie Socii'tr irvtudcs dii Sit. Dale on llu; plun r)f (he Seinnc Calnnicl by Mr. Cottei-ill. 
(•?) Bulletin of Ihc Americnri GeogPiiphionl Sociely. 1882, N^ 2, pages 22 and 24. 
(3) « Mdnioii*es sur les truvuux publics en Egyplo >», l>y Linanl tie Hellefonds. Taris 1873, pages 53 and 57. 
(i) Notes on the Wady Rayan, by Liernur Bey, Col. Woslern and Sir Colin Scolt Moncrieff. Cairo, 1883. 
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Aetervoirs 
in Nubia. 



38. — Nortli of Wady Haifa thore ai'e six |)Ossil>le reservoirs in the Nile 
valley itself: 

(1) A low level reservoir South of Gebel Silsila. 

(2) A high level reservoir South of (iebel Silsila. 

(3) A low level reservoir above the 1st Cataraei. 

(4) A high level resei'voir above the 1st Cataract. 

(5) A high level reservoir at Kalabsha. 



General. 



(1) AND (2) RkSKUV(UKS Soi TH of (iKHKL SiLSILA. 

39- — The Silsila pass of the Nile, about 70 kilometres downstream of 
Assuan where the Nile runs between sandstone hills, is a possible site for a 
reservoir dam. Plates 5 and (> give all necessary details. The Nile here, in 
ancient times, was split up into two channels by an island ^500 metres lonjr 
and 1500 metres broad. T!ie right hand channel was about 1500 metres 
wide and the lef*t hand channel 350 metres. The former has silted up to a depth 
of from 8 to 12 metres above high flood level of to-dav and the whole river now 
finds its way down the left channel. In the broad right hand channel, a line of 
borings taken aci-oss the valley to a uniform depth of 15 metres, has touched 
rock nowhere. It is proposed, should this site be selected, to construct an 
earthen bank 50 metres wide across the right hand channel with its top 5 metres 
above maximum water level of the reservoir. In the left hand channel, widen- 
ed to 5()0 metres, it is proposed to consti'uct a masonry dam with 100 under- 
sluices each 10"';:; 4i"\ On the right l)ank will ])e excavated a navigation 
channel and on the left ])ank an irrigation canal. The greatest head of water on 
the earthen bank will l)e 8 metres. The greatest depth of water at the masonry 
dam will be IM) metres, and the maximum head of water 24 metres divide<l 
into two heads of 15 metres and melres. 



Cfreplogical. 



40. — The rock is sandstone, the ordinary Nubian sandstone with straia 
of pudding and clay. The core of the island on the right bank is sandstone of 
irreat thickness with few strata of clav. There are however considerable fissures. 
The stone of the left bank and that below the level of the ancient quarries is not 
of the same character, and here clay strata are frecjuently met with. A head of 
15 metres of water might be considei'cd safe on this rock, and one might be bold 
enough to even allow a head of :?() metres of water, but beyond that is out of the 
question. I personally considei* 15 metres as the maximum safe head of water. 
The deposit which has silted up the right hand channel is sand. 



Profile 
c! tbe dam. 



41. — The R. L. of the sound rockv bed of the river at the site 
of the proposed dam may be taken at H. L. 74.00. High flood is R. L. ?^S. 
Low summer is R. L. 80.00. I have pi'epared two designs for this dam: 
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one holding up water to R. L. lUO.OO and the other to II. L. 104.00. The 
minimum downstream water surface in the former case will be maintained 
atR.L. 85.00 by a massive dry stone weir downstream of the dam. In the 
latter ease the minimum downstream water level will be maintained at R.L. 89.00 
by a regulator on the dry stone weir. If the water is held up to R. L. 100.00 
(plate 7 A) the earthen bank across the right hand channel will have on it a 
maximum head of 4 metres. There will be considerable leakage, but the bank 
will in my opinion be absolutely safe. It will be heavily pitched on its upstream 
side. The width at top will be 50 metres and the side slopes 1 ot 1 -7. The left 
channel will be widenel to 5()() metres and the masonrv dam will have 80 
openings under 22 metres head of water and 2i) under 15 metres head ot water. 
The gates will be ot the pattern and the principle already described in para- 
graphs 20 to 3i!, and depicted in plates 2, 3 and 4. The dam will be recti- 
linear in plan. Upstream of the dam will be a masonry a[)ron 3 metres wide, 
andon the downstream side there will be an apron of solid masonry, 2.50 metres 
deep and 30 metres wide, of the section shown on plate 5. This apron will 
protect the sandstone from the action of the water issuing from the undersluices. 
Its top course will be composed of roughly dressed granite laid in cement. (1 
should like to remark here that at the Assuan quari'ies we have an enormous 
amount of roughly dressed granite blocks lying about. The ancients worked 
entirely with wedges and chisels and all the odd pieces which remain from theii- 
quarrying of 4000 years are fairly well shaped. The roads fi*om the quarries 
to the Nile are in good order). Downstream of the apron will be a weir of 
packed dry sandstone 750 metres in length with its crest at R. L. 83.00, so 
as to maintain a backwater on the dam of R. L. 85.00 in the height of summer. 
The stone for the weir will come from the excavations. In the estimates, the 
cost of depositing this stone into the bed of the river has been added to that of 
the excavation. Such weirs become solid with deposit (cf. the St. Christophe 
dam in Appendix I page 10 and the part of the Barrage weir on the Nile where 

it closes the deep channel of the river) (*). 

» 

42. — If the water is help up tb R.L. 104.00, the earthen bank across 
the right channel will have a maximum head of water of 8 metres and be well 
pitched on its upstream face. Being 50 metres wide (or 100 meti-es for the 
matter of that if 50 metres is considered insufficient) and 5 metres above higrh 
water level with side. slopes of 1 to 1 -r» it will, I hold, be safe. The left 
channel will be treated as betoi-e except that the downstream apron will ])e 
more solid. As I do not consider a head of 19 metres of water safe for Nubian 
sandstone I have designed on the crest of the weir downstream of the dam 
(plate 5) a regulator raising the water surface in summer to II. L. 89.00, and 

(1) ••Egyptian IiTigalion ' by W. WilN^ocks. London 1889, page 150. 
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thus reducing the head on the dam to 15 metres. Tlie regulator will have r>5 
openings ot 5 melies each with ]»iei's of 1.50 metres width and 6.50 metres 
height. The I'egulation will he performed hy means of the steel girdei* horizon- 
tals and timber vei'tioals so common in Egypt and desci'ibed in Appendix 11, 
page 19. This system is an excellent one where leakage is a matter of no concern. 
The tloor of the regulator will be of masonry 20 metres wide and '{ metres deep 
built on the top of the stone pitching like the IJarrages near Cairo. When the 
upstream water surfaceof the reservoir falls to R. L. 100.00^ the verticals and 
horizontals will be conn)letely removed and the openings will be left free for 
the flood. In this way I rhink the high level reservoir dam at Silsila may l)e 
made safe. 



Nw.v c;aticn. 



43. — Tiie navigation channel will be on the right bank and will be 
excavated out of the rock. The loi»ks will be 75 metres long and 12 metres 
wide and have 2 metres of water on their sills as a minimum. The head of 
the lock channel is well removed from the draw of the dam, and the tail 
will be well protected fi^om the wash by a long spur of stone. The upstream 
water surface will never be allowed to fall below U. L. SG.OO. The designs 
show two locks with a total head of 21 metres, a maximum depth of 1(5 metres 
and a maximum head of 12 metres. If this is considered excessive, in spite of 
the fact that the locks ai'e cut out of the living i-ock, it will be possible ton^ake 
4 locks with a head of r» metres on each lock. The estimates allow of 4 locks 
bei ng constructed . 



Canal head. 



44. — The regulating head of the (*anal will be on the left of the 
tlam. Ten openings of the canal head are shown on the plan as they aid 
the dam in providing 2,000 square metres of waterway when the Nile is 
discharging 10,IH)0 cubic* metres per second, and theii* cost is rightly debitable 
to the reservoir. 



Masoury. 

and 

coiidtructiou. 



45. — The rubble masonrv above water surface in summer will consist 
of limestone laid in mortar composed of 3 humra (pounded brick), 2 fat lime 
and I desert sand. The face work will consist of gi'anite laid in mortar conir 
posed of 1 cement and 2 sand. The rubble masoniT below summer water level 
will consist of a central core of limestone laid in ordinary mortal* and 2 metres 
on either face of limestone laid in cement mortar with the face work of granite. 
All ashlar will l)e laid in mortar composed of 1 cement and 1 sand. 

46. — The navigation channel, the irrigation canal and the 30 sluices 
under 15 metres head of water will be first constructed. Then the low level 
sluices will be constructed by dividing the river into two parts and building in 
half at a time. The water here in summer is so shallow that building will be 
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comparatively easy. I have however allowed L. E. 100,000 for cofferdams. 
The work will probahly take 5 years to build. 

47- — The capacity of the low level reservoir is 2,508,000,000 () Financial. 
cubic metres and its estimated (*ostL.K. 1,504,000('), of which L. E. (324,000 
are for compensation. 

The capacity of the high level reservoir is 3,774,000,000 cubic metres 
and its estimated cost L. E. 1 ,890,000 of which L. E. 070,000 are for compen- 
sation. 

This water can be delivered at any rate desired, wliich is an advantage 
enjoyed by all the reservoirs in Nubia. The loss by evap:)ration will be 1 metre 
or 7 per cent. 

By referring to Appendix VIH, page 7, it will be seen that a reservoir south 
of Gebel Silsila will inundate the town of Assuan. 



(3) Low LlrlVEL RKSEinOIR SoLTH OK TUE FiRST CaTAUACT. 

48- — It is proposed to construct the reservoir dam at the head of the General, 
firt cataract. Here we have an extensive outcrop of syenite and qwdviz 
diorite clean across the valley of the Nile. The river itself is broken up into 
numerous shallow channels, and we have sound rock evervwhere at a verv 
convenient level. This is the best site for a dam in Egypt. -Unfortunately 
Phila3 Island lies to the South of it and a high level dam would put the temple 
under water for some 5 months per annum. Plate 8 gives a general plan of thc^ 
head of the Cataract and the islands to the South of it, while plate 9 gives 
plans and sections of the low level dam proposed for this site. On plate 8 are 
shown the levels of exevy part of l^hilaB Island. 

49. — The main dam will be 1500 metres in length, on three curves 
springing from substantial buttresses. The extreme left hand channel, where 
there is a very solid bed of rock will be closed by a dam 300 metres in length. 
In these dams there will be 100 undersluices, each 10'"X2"'. The narrow 
intermediary channel, improved ])y blasting, will be used for navigation. The 
site of the lock is not depicted with the exactitude employed at the other works, 
as the height of the water this winter prevented the Engineers from sounding 
the rapid. The total length of the different dams is 1850 metres. Of this 
length, 1 150 metres will be solid and 700 pierced with undersluices. The greatest 
height of dam anywhere will be 23 metres and the greatest head of water 
20 metres. 



(1) For details Sec Appendix IX, pages 6 and 7. 

(2) For details See Appendix VIII, pages 3 and i. 
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Geological. 



Profile 
of (he dam. 



50. — The rock is everywhere a hard and compact syenite or quartz 
diorite, except near the extreme left of the main channel where the diorite is 
(»ompact but not very hard. Here the dam will he solid. A head of 100 metres 
of water might ho put on this rock without any anxiety as to foundation. 

51. — The reduced level of the bottom of the lowest of the 3 small 
(*hannel cut through the syenite may be taken at 83.00 metises, the general 
level of the solid rocky crest of the cataract is at 11. L. 91.00 metres ; low 
summer is at H. L. 90.00 and maximum flood at H. L. 100.00. It is pro- 
posed to hold up the water to 11. L. 105 or 100 metres. There will be 30 
undersluices under 22 metres head of water and 70 sluices under 15 metres. 
The section of the dam, undersluices and regulating gates will be typical as 
shown on plates 2, 3 and 14. 



Navigation. 



52. — The navigation channel will be between the large southern 
island and the smaller one to its immediate north. It will be removed 
from both the draw and the wash of the dam. The locks will be 75°" X 12"" 
and have 2 metres of water on the sills as a minimum. The designs show two 
locks with a total head of 17 metres and a maximum depth of water of 14 
metres, as thev are blasted out of the livinsj i-ock, but the estimates allow for 
^our locks 



Masonry 
and 



53. — The rubl)le masonry will be everywhere above water surface 
conatTTiction. aud of the sanne consistency as that described at Silsila, except that the 
limestone will ])e replaced by granite. The passes where the water flows 
in summer are so narrow and shallow that construction here will be extre^ 
mely easy. I have entered L. E. 30,000 in the estimates for cofferdams and 
L. E. 10,000 for clearing foundations. It will take four years to complete 
the work. 



Financial. 



54. — The capacity of the reservoir is held up to R. L. 106.00 is 
1,065,000,000 cubic metres, and if held up to R. L. 105, is 928,000,000 
cubic metres. The cost of the reservoir will be L,E. 772,000, of which sum 
L. E. 114,000 are for compensation. The evaporation will be 1 metre or 7 per 
cent of the contents. The water can be delivered at anv rate desired. 



(4) High level Reservoik above the Fiust Cataract. 

General. 55. — It Is posslble to coustruct reservoii' dams across the channels 

between the granite islands upstream of Phila* Island so as to leave the temple 
untouched. These dams will of necessity be expensive as the main channel 
of the Nile is deep. On plate 8 the possible sites of these dams are marked. 
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The best series of dams would be those near PhihT Temple, but the main channel 
here has silted up and thouo:h borins: in the middle have disclosed rock at 

ICO 

about R. L. 75.00 still an estimate would l)e" guess-work in great part and I 
think under the mark. I have therefore on, plate 10 made, designs for dams near 
the head of the South island where we have channels free from silt and where 
the areas will give us a true idea of what such a work will cost. The main 
dam on plate 10 is GOO metres in length and on a curve, while the dam on the 
left is 450 metres long and also on a curve. The deep channel of the main dam 
is closed bj' a solid masonry dam on a length of 450 metres. The maximum 
depth of water is 48 metres and the maximum head 28 metres. The navigation 
channel is on the right of the main dam, and on the left are 10 low level and 20 
high level undersluices. The dam on the left is pierced l)y 70 low level and 
20 high level undersluices. 

56. — The rock on the right bank of the main channel right down <*«oiogica; 
to Fhiloo Islands consists of schists and diorites. The rock everywhere else 
is syenite or diorite, and the syenite increases as we advance northwards. 
The rock is well suited to stand any head of water up to 50 metres. 



57. — The U. L. of the lowest point in the main channel is 70.00 
metres, the general level of the left hand channel is II. L. 90.00 metres. 
High Hood is R. L. 100.00, low summer is R. L. 00.00. It is proposed to 
hold up the water to R. L. 118.00. There will be 80 underslui(.*es under 22 
metres head of water and 40 undersluices under 15 metres head of water. 
Both dams will be curved in plan. The sections of the solid dam and 
undersluices will be typical as show on plates 2, 3 and 14. 



Profile 
of the dSLin.. 



58. — The navij^ation channel will be on the riirht of the main dam. Navig«uoa. 
The locks will be 75"' >< 12"' and have 1 metre of water on the upstream 

sills at minimum water level, which will be R. L. 09 if the water is held up 
to R. L. 118, and R. L. 90 if the water is held up to R. L. 115. The design 
shows two locks with a total head of 28 metres, but the estimates allow for 
tour locks to get over the lift of 28 metres if the water is held up to R. L. 118 
and 25 metres if the water is held up to R. L. 1 15. 

59. — The masonry will be the same as that for the low level Assuan Masonry 

and 

dam. It would be impossible to construct the dam at the head of the right conBuuctiou 
channel in the open, but when built lower down near Phila> Temple ( it will 
be remembered that I have placed the dam at the head of the cliannel in 
order to get a correct estimate) it will be possil)le. I propose fii-st cutting 
away the rock and clearing the left hand channel by quarrying the stone in 
its bed and so inducing the Nile to send a much larger volume in that direction. 



81 — 



11 



24 



REPORT ON PERENNIAL IRRIGATIO:! 



Financal. 



The right hand channel could be closed with two stone dams with their crests 
at summer level and would sit up in flood. Tlie silt could afterwards be 
dredged out and the foundation laid by means of cofferdams. This operation 
would be expensive and I have estimated L. E. .S()0,()0() for cofferdams and 
pumping. The dam will take 8 yeai-s to build. 

60. — The capacity of the reservoir with the water held up to 11. L. lis 
will be 3,733,000,000 cubic metres and its estimated cost L. E. 2,100,000 
of which L. E. 547,000 are for compensation. If the dam were built to 
R. L. 115,00, the capacity of the reservoir would be 2,792,000,000 and its 
cost L. E. 1,770,000 of which L. p]. 350,000 would be for compensation. 
The evaporation will be 1 metre oi' 5 per cent. 



(5) High i.evkl Rkskrvohi South of Kalabsha. 

^n^TMi. 61. — About 2,500 metres south of the Kalabsha pass of the Nile, 

there is an outcrop of s^'Cnite and the Nile is divided into three channels bv 
a number of islands. Here we have a possible site for a reservoir dam. 
The right hand channel is 120 metres wide, the central 30 and the left hand 
140 metres. Plate 11 give a general idea of this reach of the Nileand plate 12 
a plan and sections of the proposed dam. At the pi'oposed site, we sounded every- 
where on rock except at the exti^eme right of the left hand channel where there 
was a slight depth of coai'se sand. The deep channel of the river 120 metres in 
length will be closed by a solid masonry dan), while the remaining parts will 
accommodate 80 low level and 10 high level undersluices. The greatest depth 
of water upstream of the dam will be 4 t metres and the greatest head 25 metres 
if the water is held up to R. L. 118, and 41 and 22 metres respectively if the 
water is held up to R. L. 1 15. The rock is everywhere granite. The Kalabsha 
gate of the Nile, 155 metres wide and 30 metres deep in summer is unsuited 
for a reservoir dam both on account of its depth and the fact that it is at the 
dowMistream end of the granite, and immediately upstream of the sandstone. 

€-^Lio9icmi. 62. — The rock is everywhere syenite except on the extreme left bank 

where we have a very hard and compact diorite. The site is geologically a 
^(K^d one. 



Profile 
cf the dam. 



63. — The deepest point of the right hand channel is H. L. 74, of the 
middle channel R. L. 00, and the left hand channel R. L. 84. I have prepared 
a design for holding up water to R. L. 118, but I have estiniated ibr tivo 
dams, one holding up water to R. L. 118 and the other to R. L. 115. The 
jninimum downstream watej- surface will be R. L. 93. I propose 80 openings 
under 22 metres head of water and 40 openings under 15 metres. The dam 
will be everywhere typical. 
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64. — The navigation channel will l)e on the right bank where w^e have Navigatioa, 
a very convenient site for both intake and outlet. It will be 600 metres long 

and well protected from both draw and wash. The upstream water surface will 
never fall below R. L. 99 if the water is held up to R. L. 118, and R. L. 96 
if the water is held up to R. L. 115. There will be 1 metre of water on the 
floor at the time of minimum supply. The designs show two locks with a 
maximum head of 25 metres, but estimates allow^ for 4 locks. 

65. — The masonry will be similar to that pi'oposed for the low level Mawnry 
Assuan dam. The dressed and squared granite will come from the Assuan construouort. 
quarries. The navigation channel will first be excavated and completed, and 

the right hand channel closed with stone dams up and downstream of the 
jM'oposed work ; these loose stone dams will have their crests at R. L. 93. After 
the flood the space between the dams will have silted up and be treated as 
proposed for the high level Assuan dam (*). The middle and left channel will be 
comparatively ease. I have allowed L. E. 250,000 for cofferdams in the 
estimates. The work will take 5 years to build. 

66. — The capacity of the reservoir if held up to R. L. 118 is Finaaoui. 
2,733,000,000 cubic metres and its estimated cost L. E. 1,589,000 of which 

L. E. 432,000 are for compensation. The capacity of the reservoir if held 
up to R. L. 115 is 1,964,000,000 cubic metres, and its estimated cost 
L. E. 1 ,288,000, of which L. E. 240,000 are for compensation. 
The loss by evaporation wmU be 1 metre or 5 per cent. 

67. — Thinking that it might be possible to construct a dam across the Nile ^'^* 
near the Gertassa Temple with asubsidi.iry weir at the head of the First Cataract, the Baxuutono 



I had borings taken in the bed of the river near the temple. These borings have of the nver. 
disclosed deposits of sand of over 20 metres in depth at a place where the 
sandstone is exceptionally good. They have dissipated completely all ideas of 
constructing dams in the sandstone reaches of the river above the First Cataract. 

68. — We have now finished w ith the reservoirs in the valley of the Re^rvoire 

*^ in the 

Nile north of Wady Haifa, and have come to the depressions in the deserts aepr^s^oa 

in 

outside of the Nile valley. After a careful examination of the deserts on both thede^iru. 
banks of the river between Wady Haifa and Cairo, I have tound no depression 
capable of being utilised as a reservoir except the Wady Rayan. I omit the 
Wady Natrun in the deserts between Cairo and Alexandria. By its depth and 
size it might be suitable for a reservoir, but the existence of the large quantities of 
natron in its bed renders it unsuited for the storage of water for irrigation 



(1) I think this method of working with exposed foundations for a dnra is to be preferred to compi'ossed 
nil- even if the latter is the more economical. 
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purposes. The other ilepi*ess>ions are either at too high a h?vel or not of suftieieDi 
extent. Along the (*ourse of the Bahr Yusuf from Dalga to Maiana, there aiv 
numerous small depressions (notably one to the south of Hehnessa) which are 
capable of storing of a small quantity of water, hut surveys and levels have provol 
them unworthy of serious consideration. There remains the \Vady Rayan. 



THE WADY llAVAN UKSEKA'OIH. 

General. 69. — Plate logives the i^lan of the W'ady Rayan, the deserts between 

it and the Nile valley, and the cultivated land. The }dan was begun byrol. 
Western and has been (omj)leted by me. The Wady Rayan is a depression to 
the ^. W. of the province of the Fayoum. Its lowest point in 4i metres below 
sea level. It is separated from the Fayoum In* a limestone ridge which is 
generally from 31 to (')0 metres above sea level except at two places whei'e ii 
falls to 2i} metres above sea level on a length of OOO metres. At R. J^. 27 the 
Wady and adjoining depressions haVe an ai*ea of ()7:i square kilometres an<l 
contain 18,71:3,000,000 cubic metres (^). Between it and the Nile valley lio 
30 kilometres of desert, of which 11 kilometres are occupied by a marked 
depression discovered bv Liernur Rev in 1«S87. At the extreme western e(li::e 
of the Nile valley, which is here some 20 kilometres wide, Hows the IJalir 
Yusuf, and the extreme eastern edge the Nile. It is propose<l to put the Nilo 
in communication with the Wady Rayan by means of an inlet canal for filling 
the reservoir and an outlet canal for discharging its waters. The inlet and outlet 
canals are clearly shown on Plate 15, while the lon*;'itudinal and cross sections 
are given on plates 10 ((fj, 10 (h) and 10 (c). The principal masonry works are 
given on plates 17 and 18. 

70. — It' may be of intei'est to compare the area and principal features 
of the ancient lake MoTis with those of the proposed Wady Rayan reservoir. 
Allowing for a difference of about 1.50 metres between the levels of the Nile 
valley in H. C. 2,000 and to-day it may be assumed that R. L. 2i.50 was 
tlie high water mark of lake Moeris('), and the area ;?,500 square kilometres, 
against 673 square kilometres of the ^^'ady Rayan at R. L. 21. The ancient 
lake enjoyed this great advantage that in tliose days the Ikihr Yusuf was an 
important branch of the Nile, if not the main river itself (*) and the reservoh' was 
connected with the Nile by a natural ravine of great breadth and insignificant 
length, across which a massive embankment was thrown. The surplus of high 
floods was stored for the deficiency of low /foods, and by cutting the embankment 
at the right moment a wave was sent down the river which insured the irrigation 



(1) Suo Api'cnilix X. Table I. 

(2) See Appondix III, pages 5 i\iu\ 0. 

(3) The Fayoum and loko MjltIs, l»y Mnjor \\. H. HroNvn, pnjir 79. Lomlon, 1692. 

(4) See Ptolemy's m«p of E^ypt. 
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of. the Delia just as the opening of the great Kuslieslia escape does to-day. 
The renewal of this earthen bank was a matter of such importance that its cost 
figured in the accounts of the Pharaohs. The \Yaily Raj^an resei'voir on the 
other hand will have to be connected with the Nile by means of a narrow artificial 
canal of over 50 kilometres in length and will have to supply a small constant 
supply for four months to increase the discharge of the Nile in summer, 
A romparison between lake Moeris and the proposed Wady Hayan reservoir is 
like that between Macedon and Monmouth. 

71. — The longitudinal sections (plalo 10) give an oxavt idea of ilit' Geological, 
tlitl'erent strata cut through by the canals. The Nile valley iisell along Ihe lin<» of 
the inlet canal consists of a solid deposit of hard clay of from to 10 metres in 
thickness lying on coarse sand. Along the line of the outlet canal we have 
altei'nating strata of sandy claj' and clay to a depth of 10 metres. Between these 
lines lie the ruins of Ahnessa (llerakliopolis) the ancient capital of the island 
Nome of Egypt. The island has to-day disappeared, l)ut the sand^- character of 
the strata bears witness to the increased velocity given here to the Nile flood by 
the dj-aw of lake Man*is. The gi*adual disappearance of the lake was accompanied 
by tlie gradual silting up of the western channel of the Nile. The soil along the 
outlet canal is inferior to that ordinarily met with in Kgypt and the spring level 
is in places near the surface. As this canal will run with a severe velocity,! have 
allowed in the estimates for pitching its bed and slopes. On leaving the Nile 
vallev and entering the deserts, we meet w ith sand at the sui'face or sand 
conglomerate with gypsum and salt, and then ayellow marl with Ej)som salts and 
iinally a bitter plastic clay of a black colour overlying the Parisian limestone. 
The clays and marls are most extensive in the narrow neck of land between the 
Nile valley and the Fayoum and for a distance of some 10 kilometres south of 
it. Thev rise to a height of 70 metres above sea level. There are none ot 
these marls inside the Wady Rayan or in the depressions connected with it, but 
as they have to be traversed by the canals, they constitute a very serious factor 
in the question of the Wady Rayan reservoir. They are exti-aordinarily easily 
dissolved in water, and it is on their account that I have chosen the alignment of 
the inlet canal along the Bahr Kilama where we have only 2,500 metres of them 
instead of along the alternative line marked on the plan whei'e we have no less 
than!) kilometres. No embankment could in my opinion be (constructed of these 
salty marls and bitter clays which could hold up water for any length of time. 
W' here the canal cuts through them, I have lined the bed on slopes with coarse 
rubble masonry so as to keep tfie w^ater from ever coming in contact with them. 

72. — A nai'row neck of land, some 15 kilometres in length, runs between 
the Fayoum and the depressions traversed by the Wady Rayan canal. This neck 
of land is in continuation of the salty marls and clays; but the limestone i§ 
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near the surface and is overlaid with a tlnn skin of sand and pebbles. It looks like 
the beach of the ancient sea wliich once covered the Fayoum. Its northern slope 
is covered with Nile corl)icula shells at a level of about 22.50 metres above 
mean sea, while the plain at its foot contains strata of compact tresh water 
shells. The southern slopes aie devoid of fresh water remains of anykind. It 
is evident from this that the ancient lake Mceris which covered the Fajoum 
rose to a level of about 22.50 metres above mean sea, while the Wady Rajan 
has never had Nile water in it. The limestone in Wady Rayan and neighbouring 
depressions is inferior to that at the Tura quarries and is strewn thick with 
nummulites (principally the nummulitus Gizehensis). It is covered in places 
with rich deposits of gypsum and salt. Long lines of sand hills traverse the 
deserts as well as the Garak basin of the Fayoum. These hills may give a little 
trouble in the future at the phices w-here they cross the (*anal as the sand flies 
in volumes along them whenever there is a strong wind. 

Supply 73. — The Wady Rayan reservoir might be fed from the Nile or the 
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Hahr Yusuf or from both, while it must discharge into the Nile. The Nile in 
flood runs so frequently at a level below that needed for flood irrigation that, if 
the reservoir were to depend on what it could obtain in flood, it would be 
unable to discharge an appreciable quantity of water in three years out of ten. 
If reference is made to table (5 of Appendix III, it will be seen that 1873, 1877, 
1880, 188:?, 1884, 1888 and 1893 were years in which the flood praeti- 
rally failed to attain a gauge of 0.30 metres at Cairo, which is the minimum 
needed for eftective flood irrigation and that consequently in those years the 
reservoii* would have failed. The remodelling of the basin feeders recently 
carried out by Col. Ross has also resulted in a lowei*ing of the Cairo gauge 
by 30 centimetres during the flood. Under these circumstances, it is as 
necessary for the \Vady Rayan to draw its supply of water in winter ( when 
there is never any deficiency) as it was necessary for the Nubian reservoirs. 
The natural source of supply in winter is the Bahr Yusuf and, if there were no 
(}uestion of tilling the Wady Rayan betw^een R. L. — 42 and R. L. -\- 24^ we 
might dispense with an inlet canal for the Nile. The inlet canal will however 
bo needed to raise the level of the reservoir to R. L. 24 and make it ready to 
re(*eive the top film of 3 metres which alone can be effectively discharged. 
In years of high flood, however, this canal will be of use and will be capable of 
lowering the level of the Nile by 15 centimetres. The quantity is apparently 
insignificant, but in times of flood every little tells. The Bahr Yusuf takes its 
supply from the Ibrahimia Canal which has its head at Assiout. The Bahr could 
be made to discharge 200 cubic metres per se(»ond and by just within its banks 
in winter if a w^eir were constructed across the Nile downstream of the Ibrahimia 
canal head. It has long been in contemplation to construct this weir for the sake 
of improving the irrigation of Upper Egypt quite independently of the Wady 
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RajaD. Its cost might fairly be debited to the irrigation of Egypt and not to the 
Wady Rayan reservoir('). I havepreparedplansandestimatesforthis work, but 
as it has nothing to do with the reservoir project, 1 shall do no more that assume 
its existence. Without a weir at Assiout, I see no way of insuring the filling of 
the Wady Rayan reservoir every year. The Bahr Yusuf could not carry more 
than 260 cubic metres per second in winter without hurting the lands on its 
banks and. for a similar reason, the Wady Rayan resei'voir cannot be maintained 
at a level above R.L. 27 without permanently injuring large tracts of country (*). 
The navigation of the Nile between Assiout and Cairo in low years would be 
considerably affected by the withdrawal of this large quantity of water in March, 
but the navigation north of Assiout is not of much importance compared with 
that to the south, and this point may be overlooked. Of the 260 cubic 
metres per second carried by the Bahr Yusuf, about 60 cubic metres per second 
will be needed for the irrigation of the Fayoum and other improved tracts 
leaving 200 cubic metres per second (or 17.000,000 cubic metres per day) for 
the reservoir. By this means we shall insure the filling to the reservoir every 
year to its full level of 21 metres above sea level. This is a matter of the 
greatest imj^odance. Reservoirs which can only insure a good discharge after 
high floods when the supply in the Nile itself is abundant, and which fail after 
low floods when the Nile is most in need of water, are not worthy of serious 
consideration. 

74. — I propose giving both the inlet and outlet canals a bed width of 40 supply, 
metres. The inlet canal will have a slope of jj;jj;jand the outlet of ^—j^. Table 
3 of Appendix X gives the discharges of these canals with different depths of 
water. During flood I find that canals of the ordinary widths and depths of 
Egyptian canals which run with a velocity greater than .80 metres per second 
silt as readily as those which run less than .50 metres per second; I propose 
therefore that in high flood the inlet canal shall run perpetually with a depth 
of 6 metres, a velocity of about 80 centimetres per second and a discharge of 
230 cubic metres per second. In winter, as already stated, the Bahr Yusuf will 
supply 200 cubic metres per second. That will be trom the 1st December to the 
1st April. During November there will be half supply as that is the time of 
** Sarf " or discharge of water and the drying of the lands all overUpper Egypt. 
This will be as necessary when summer irrigation is intix)duced as it is to-day. 
Table I of Appendix X gives the areas and contents of the Wady Rayan 
reservoir at different levels. Table II of Appendix X gives the flood gauges of 
the Nile at the head of the inlet canal. The evaporation will be 2.50 metres per 



(1) To enable Uie Ibrahiminb Oinfli. lo dii>ctuirge Ihi&extpi water for Uie Wady Kayan the Nile weir 
'would have lo hold up 4.5 moti-es of water as against 3.0 inelres for ordinary irrigation. 

(2) See some very pertinent remarks on this subject in *• L'irrigalion en I^gypte " by J. Barois, 
page 19, Paris, 1887. 
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annum, arid will l>e taken in tlio calculation as 2 metres in one year and :{ 
metres in the next. With these facts l)efbre us, we mav calculate the time it 
would take to bring the reservoii- up to R. L. 27. 00, assuming that we hegan 
to till in lS7:i-71. 

2'M) cubic metres per second = 20, 000, ()(H) cubic metres |)er day. 
^{^0 » ^ > » : 17,000,000 > > » » 

1873-71 — No supply in flood. 

In winter i:i5 days 17,000,000 = 2,300 millions. 
The lake would rise to — lO.OO and owiui:^ to 

evaporation would he at — 19 

ls7t-75 — III flood 90 days 20,000,000 r r 1,800 millions. 

la winter 135 davs 17,000,000 -- 4?,300 » 
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The lake would rise to 

1875-7(> like 1874-75. — The lake would rise to 

187()-77 like 1871-75. — The lake would i-ise to 

1877-78 like 1873-74. — The lake v ould rise to 

1878-79 like 1874-75. — The lake would rise to 

1870-80 like 1874-75. — Tlie lake would rise to 
In seven years the reservoir would be in workin^r order. As we shall see 
in the next i)aragraph, it will be necessary for the reservoir to have its levels 
raised annually from R. L. 24 to 11. L. 27. This means 2,000,000,000 cubic 
metres of water. During years of low Hood, the whole of thiis supply must come 
from the Bahr Yusuf in winter which, as we have already seen, is capable of 
discharging 2,300,000,000 cubi(* metres. During Hood the daily evaporation 
off the lake will be (050,000,000 < .008) 00 cubi(» metres per second, which 
can be spared from the Bahr Yusuf so as to maintain through the flood the 
level of the reservoir at a constant level. 

» 

Diacbarge. 75. — Wc HOW comc to the dischurgc from the \Vady Ilayan reservoir. 

In the matter of discharge this reservoir is handicapped as compared to the 
Nubian reservoirs. It could supply a heavy discharge in May, but owing to the 
decreasing head, less in June and still less in July; while, as we can see from 
paragraph 18, we want much more water in July than in May. The Nubian 
reservoirs having their sluices a))ove the summer level of the Nile can discharge 
much or little as required ; and, besides this, in a good summer they could keep 
their water and dis(*harge it all in 15 days at the beginning of the ffood and so 
immensely improve the maize crop by allowing it to be sovvn early. The water 
from the Nu])iaii reservoirs might be utilised in Upper or Lower Egypt, while 
that from the. Wady Uayan reservoir could only be utilised in Lower Egypt. 
In years of very low supply, the discharge of the Nile falls to 160 cubic metres 
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]>er second north of Assiout and, if 100 cubic metres per second were withdrawn' 
from this at Assiout for the Ui>per li^ypt canals, it would he made good by the. 
outlet canal of the reservoir north of Beni Suef. This would leave only 60 cubic, 
metres per second in the Nile between Assiout and Beni Suef and would affect 
most seriously the health as well as the irrigation of Upper Egypt. 

76. — The head of the outlet canal is removed 12 kilometi*es from the 
downstream end of the deep cutting of the inlet canal, and though I have widened 
the cuttings at kilometres 40 and 56 in order to minimise the fall back from the 
rcservoii*, we may assume that there will always be a fall of .40 metres between 
the reservoir and the head of the outlet canal, when the latter is acting. Therefore 
on the 1st of April when the reservoir begins to discharge, the R.L. of water 
surface will be 26.60. Theevaporation will be 8 millimetres per day or .25 metres 
j)er month. Referring to table 3 Appendix X, it will be seen that: — 
AtR. L. 24. 00 the depth of water will hem. 3.00 &max:discharge 91c.m.p''second 

> 25.00 > > » 5> 4.00 » 173 > > 

> 26.00 » > ). > 5.00 » 240 > > 

> 27.00 » > » > 6.00 > 326 > > 

In April the canal will begin with its water surface at R.L. 26.60 

The discharge will be 25 cubic metres per second, and with 

the evaporation, the level at the end of April will be R. L. 26.35 
The discharge in May will be 105 cubic metres per second 
or 27(>, 000,000 cubic metres and with the evaporation 

will reduce the level to R.L. 25-60 

The discharge in June will be 125 cubic metres per second 
or 330,000,000 cubic metres and with the evaporation 

will reduce the level to : R. L. 24.85 

The discharge in July will be 125 cubic metres per second 

and by the end of July the level of W. S. will be R. L. 24.00 

The outlet canal could therefore discharge 125 cubic metres per second 
(1 1 ,000,000 cubic metres per day) through June and July. To obtain a discharge 
of 20,000,000 cubic metres per day (:^30 cubic metres per second) through July, 
it would be necessarv to low er the bed of the Inlet canal from kilometre 20 to 
kilometre 24 by 2 metres, to lower the floors of two of the regulators at the 
Bahr Yusuf crossing and the whole 31 kilometres of the outlet canal. This 
would add to the cost of the works, but that is a small consideration. It would, 
1 think, increase so considerably the liability of the banks of the canal slipping 
in during the summer and reducing the section ihat we should have no real gain 
from the great depth. During my first two j^ears service on the canals in the 
Delta, I often saw the very deep canals almost choked up with serious slips, and 
it was not until the level of the water surface was raised at the Barrage, and, 
with it, the beds of the canals, that we were free from this danger. I consider 
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the bed level of the outlet canal as low as any canal ought to be in similar soil, 
especially when it cuts clean across the drainage of the country with the right 
bank along its entire length a kind of sub soil drainage escape. 

77. — I propose making the head of the inlet canal a little to the soutli 
of Biba and taking the canal at an L. of 15" across the Nile valley. The Bahr 
Yusui is crossed at the 13th kilometre, but it will be diverted as shown on the 
plan, and cross the canal at its 20th kilometre near tlie edge of the desert. At the 
Bahr Yusuf crossing will be also the head of the outlet canal from the reservoir, 
which will have a general direction at right angles to the inlet canal and reach the 
Nile just to the north of Bush. From its 2()(h kilometi-e to its tail at the 58th 
kilomede, Iho inlet canal will also act as an outlet canal. In the clay of the Nile 
valley^ the canals will have a bed width of 10 metres and side slopes of 1 to 1 t. 
At the 24th kilometre of the inlet canal, there will be a vertical dropof 4 metres, 
as we are here on rock ('). The bed will be reduced from 40 metres to 25 metres 
since it is warranted by the dis<diai*ging capacity of the section. On plate 16(^0 
are given the cross sections it is proposed to give in the different soils. In the clays 
and sands below high water mark, I have given slopes of I vertical to 1 y 
horizontal; but above high water mark, t vertical to 1 horizontal. This latter 
slope is very steep, but is the only one possil)le if the estimates are to be kepi 
down. I have chosen R. L. 21 as the bed of the inlet canal at its 20th kilometre 
and this fixes the levels everywhere else. It is quite useless having a canal with 
its bed below the level of the loose sand which underlies the clay and this loose 
sand is met with at R. L. 21 along the western part of the Nile valley. 
Occasionally borings have disclosed it at 3 and 4 metres below soil, but they 
were quite local. The outlet canal as before stated will be pitched. It has a slope 
of j^ against •;;^f^ in all the other canals. The alternative inlet canal crosses 
9 kilometres of the salty and bitter marls and is at such a low level in great 
part of the Nile valley that it would compromise the cultivation on some 6,00(^ 
acres and I cannot recommend it(*). 



Uakonry 



78. — The masonry works will be : — 

1. Regulating Head to the inlet canal (plate 18). 

2. Regulating Tail to the outlet canal (plate 18). 

3. Bahr Yusuf crossing and outlet canal head (plate 17). 

4. Ibrahimiah canal Syphon and Railwav ) 

bridge on the iniet canal '. ^"""^^^y ^'"'^^'' *° ^^^'^ 

5. D" D» outlet canal "'^ ^'^« ^^y»^ ^ewfiki. 



(1) 1 Jigi'oo wiUi Col. Western lliat <i drop of 4 iiiehvs mny he given here. A gi^enler drop and slill 
furilier < onlraclion does not commend itself «l the eniial will often he used to hring the reservoir up l" 
full supply level during floods when the \Naler will l)e laden with silt. 

(2) At the end of Appendix X is the estimated cost of this Ciuial. 
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The works will be founded entirely on sand and quicksand and I have 
rhosen the foundations of the Rajah Tewfiki Head (page 16 Appendix II) as a 
type. As the head of water will be very considerable and of long duration the 
floor has been made everywhere 3.50 metres thick. This is all the more neces- 
sary as it is proposed to use Egyptian mortal' largely in place of Portland cement. 
The masonry will be of the type usually employed in the country. The cost of 
works for allowing the basin floods to cross both the canals would have been 
so excessive that it has been decided to allow the tract of 36,000 acres between 
the two canals to be irrigated in summer from the Ibrahimia. This will effect 
a considerable saving. The Bahr Yusuf reguLator has been provided with a 
lock as the c^nal is navigable. No locks have been provided for the reservoir 
canals. 

79. — The work would-take 3 years to carry out and the reservoir would. Finanoiai. 
take 7 years to be filled after the canals were completed, provided the Assiout 
weir were in existence. The reservoir would supply 125 cubic metres per 
second as a maximum in July or altogether 1,000,000,000 cubic metres per 
annum. The cost of the work would be as follows (see Appendix X). 

Excavation inlet canals. L.E. 1,321,670 

> outlet canal > 436,640 

Masonry works • » 327,000 

Masonry living to inlet canal ^ 43,750 

Pitching ouUet canal > 90,000 

Diversion of Bahr Yusuf >► 72,000 

Closing depressions'into Fayoum > 1,200 

Land ^ 60,000 

Contingencies 10 7^ ^ 235,226 

Grand Total... L.E. 2,587,000 



80. — It will readily be seen that the Wady Rayan reservoir project, if 
carried out on ordinary lines, would be far too expensive, and it becomes neces- 
sary to modify it. Advantage may be taken of the fact that the inlet canal will 
only be used in high flood (when the Nile valley easily commands the Wady 
Rayan), and during the raising of the reservoir level from — 42 to -f 24. 
After that the Bahr Yusuf will suffice. The outlet canal too will not be needed 
till after the reservoir is full and there is no longer any necessity for the inlet 
(*anal. A few kilometres to the north of Beni Suef there is a point on the Nile 
where the mean low water level is 21 .50 and the high flood level 29.60. Here 
we have a point on the Nile 25 kilometres away from the 20th kilometre of the 
old inlet canal where we can build either an inlet head or an outlet tail. I propose 
constructing the inlet canal along this line and digging it with its head at 
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R. L. 22.25 and slope of j^ into (he Wadi llayan, and using it as an inlet 
canal for 7 years. After the sevenlh year it will be deepened on a slope of 7;;^ 
backwards into tlie Nile and act as an outlet canal onlv. The R. L. of the ]m\ 
at the tail will be 18.50 and that will be the level of the lioor of the regulating 
work. By this means we shall save as follows : — 

■-{- Cost of the old inlet and outlet canals in clay L.E. 715,(500 
— Cost of the new inlet and outlet canal combined » 379,200 

Saving in earthwoi'k L.E. 330,400 

Saving in Land L.E. ()0,0()0 — L.E. 28,000 = » 32,000 

» on Bahr Yusuf diversion » 72,000 

>^ J) Masonry works » 80,000 

)) )) Minor works » 22,000 

L.E. 542,400 
Contingencies. .* » 54,200 

Total saving... L.E. 597,000 

The new inlet and outlet canal combined is drawn on the Plan of the Wady 
Rayan ( plate XV ). Deducting this saving from the total expenditure of 
L. E. 2,587,000, it will be seen that the Wady Rayan reservoir works could 
be constructed for L.E. 1,990,000 ('), while the reservoir would discharge 
1,000,000 cubic metres, with a maximum in July of 125 cubic metres per 
second. To make the canal capable of discharging 20,000,000 cubic metres per 
day or 230 cubic metres per second in July it would be necessary to lower the 
level of the canal bed by 2 metres. As the lied is already 3.0 metres below the 
mean low water level of the Nile, 1 think it fruitless to try and make it deeper. 
1 am sur^ there would be ceaseless landslips which might not only make the 
extra depth protitk^ss, but even close the canal for upwiirds of a week at a critical 
time of the year and seriously compromise the rice crop of Egypt. I estimate 
the cost of deepening the canal 2 metres as follows : — 

Earthwork 3,120,000 at 4/— L.E. 124,800 

Pitching 600,000 at 15/— » 90,000 

Additional cost to masonrv works » 15,000 

Contingencies » 23,000 

ToTAi L.K. 253,000 

I cannot however recommeud this expenditure. A canal running across 
the Nile valley with its bed 5 metises below summei* level of the Nile could not 
be maintained. 

In making the estimates for the works connected with this project, I have 
allowed very low rates as I believe that the lai'ge quantity of work to be done 

(1} This rcsorxoir canal will bo able lu relievo liiuh Hoods by aolinj^ as an escape to Uie Bolir Yusuf. 
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will permit of it. I have not howevei* allowed for scouring out the salty marls 
and bitter clays by the force of the current itself after a narrow channel has 
been dug through the hill. Such a channel might choke itself up and cause the 
loss of a year; while we all know that the water can either run full bore and 
fill the reservoir in seven years or spend much of its time in cutting away the 
clay and lengthen out the time of the filling of the reservoir. As the interest 
charges on the work will amount to L.E. 100,000 per annum, 1 think it safest 
and best to execute the works completely as fast as possible and get the reservoir 
into working order at the earliest date. 

81. — It was stated in para. 9 of this I'eport that Lower Egypt possessed ^^^^ 
1,200,000 acres of land capable ol reclamation, but lying at present as swamps 

and salted plains. In my book on Egyptian Irrigation and again in my report 
on Reservoirs (*), I proposed utilising many of t!ie low depressions as reservoirs, 
notabl}^ lake Edku in Behera. Since writing I have had no time to make any 
detailed surveys of these works and can add nothing to what I then said. 
Further reading has convinced me of their jracticability. I may refer here to 
'' Ilydraulique Agricole '^ by Da Ccssigny, pages 53 to 55, Paris 1889 ; to 
'' Rivier^g et Canaux " by P. Guillemain, vol. I, pages 230-1^32, Paris 1885; 
and " Les Irrigations" by A. Ronna, vol. I, pages 270, 103, 472, &c., 
Paris 1889. Mr. Lang Anderson, the manager of the lake Abukir Reclamation 
Company, has long studied the question of washing salted land in the Nile 
valley and placed the resulls of his experiments at my disposal. They confii-m 
my previous impressions. When once the reclamation of the Iom^ lands has 
really begun^ the value of these reservoirs, scattered among the lands themselves 
and directly available, will be appreciated. Meanwhile we may omit them, as 
they are inexpensive works and within the powers of the Irrigation Department 
to carry out on its own initiative. 

82. — 1 have now considered all the reservoirs which it is possible to ^he uiflermi 

reeorvcir 

construct in Egypt, and have attempted to deal impartially with all the projects, projects 

cotDpared. 

treating each one when it was befoi*e me just as though there were no other 
reservoii's sites in the country. It remains now to compare the different projects 
with one anothei'. On pages 23 and 24, I have described the low level reservoir 
proposed for the head of the 1st Cataract while, on plates 8 and 9, I have given 
general and detailed plans. As levels have disclosed parts of Philje temple so low 
that no reservoir of any kind, high or low, could be constructed at the cataract 
without putting some part of the temple under water, the low level reservoir 
labours under the same disadvantages as the high level ones and is much less 
economical. I have therefore, in Appendix VIII, made out the cost of construct ihg 



(I) ** EgypUun Irrigiilioii ", page 137. Nihi Resorvoirs '*, pages 43, 45 and 69. 
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higfi level dams at. the cataract and find that, if the water surface were raised 
to R. L. 115 raetres, the reservoir would contain 2,900,000,000 cubic metises 
and cost L. E. 1,370,000, of which L. E. ;jr)(),0()() would be for compeusatioD. 
The evaporation would cause a loss of water of between 5 and 7 per ceot. 
If the water surface were laised to 11. L. US, the reservoir would contain 
:{,900,000,000 cubic metres and cost L. E. 1,0(50,000, of which L. E. 550,000 
would be for compensation. We may now compare the different schemes : — 

IN orBi.: MFrKKs cost. '^JlL^Tr 

1. As8uan cataract ivsL^rvoir R.L. 115 e,70'),0(K)/)00 L E. l,400,rX)0 1,900 

2. » » » R.L. 118 3,70(),0i)0,(X)0 «» 1,700.()()0 2,100 

X Kalabsha reservoir R.L. 115 1,8():),0:X),000 n 1,300,030 1,400 

4. » » R.L. 118 2,50(V>^)0,000 » 1,600,000 1,600 

5. Assuan cataract reservoir R.L. 105 90^,'y0),a)0 » 800,()0J 1,100 

(>. (iebel Silsila reservoir R.L. 10() 2,3n(),0(X),00:) >. l,6f)().()00 1,500 

7. » >» » R.L. 104 3,510,0'X),000 » 1,90'M)00 1,800 

8. WalyRa\ an reservoir R.L. 27 1,'100,00'),000 » 2,00'),0)') 500 

0. Philae reservoir R.L. 115 2,650,000,000 » 1,»X),(XX) 1,30:) 

10. » » R.L. 118 3.580,0J0,000 » 2,100,«J03 1,700 

We can see from para. IQ that the amounts of water needed are: — 

Lower Egypt 1 ,500,000,000 cubic metres per annum. 

Upper Egypt north of Assiout 950,000,000 > > 

Tipper Egypt south of Assiout 1 ,100,000,000 * » 

ToTAi .S, 010. 000,000 cubic metres per annum. 

I have placed the different reservoirs in their order of excellence. The 
Assuan and Kalabsha reservoir at 11. L. 118 would be as safe and sound as at 

11. L. 115, but the raising of the water surface above R. L. 115inimdates the 
rich villages to the south of Korosko, and as the}^ form a kind of oasis in Nubia, 
I think they ought not to be disturbed. The Gebel Silsila reservoirs will inundate 
the town of Assuan. The cost of the Cataract reservoirs are comparatively 
speaking so low that we might iuld from L. E. 200,000 to L. E. 300,000 to 
the estimates for the removal of Phiho Temple to a commanding site on one 
of the numerous islands at tlie 1st Cataract well above the reach of inuodatioD. 
During the execution of the Tiber improvement works at Rome, I saw the 
engineers dismantling and putting together stone by stone, exactly as it was 
I»efore, an important masonry bridge of large span, which dated from the time 
of the Republic and was an object of the most cherished regard. They were 
preparing to treat the S*^-Angolo bridge in the same way. At the First Cataract 
we have '' Bigeh *' island admirably suited for the site of a temple and well 
above the high water level of the reservoir. 
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83. — In comparing the different projects, we may say that, at the Assuan 
cataract, we have sound rock with the river hroken up into a numher of shallow 
streams. At Kalabsha, the rock is sound and tlie river flows in three channels, but 
one of them is deep. At Silsila, the rock is inferior, but the depth of water in the 
single channel which exists to-day is small as the deep channel of the river has 
silted up. South of Philre, the rock is sound everywhere except at the right flank 
where schists have taken the place of granite and where the river is very deep. 
The WadyRayan reservoir is inelastic like all reservoirs which charge at the 
top instead of at the bottom. 

84. — When we compare the cost of water stoiage in Egypt with \\\u\\ cost of 

^ , i -t ■\^'atcr storage 

it is in Spain and Algeria, we can clearly see the great advantages which Egypt m Egypt 
enjoys. Referring to Appendix I, it will be seen that reservoirs which store from with spam 
300 to 400 cubic metres of water per L. E. 1 of expenditure are readily cons- ^"** ^^^' 
tructed in either Spain or Algeria, while in Egypt we estimate that we can store 
from 1500 to 2000 cubic metres for the same money. The plentiful supply 
of the Nile in winter is also another factor which tells greatly in favour of 
Egypt. Owing to it, there exists no necessity for interfering with the muddy 
waters of the Nile flood, and we are saved considerable anxiety on the score 
of silt, an anxiety which is ever present in both the other countries. 



IV. — The effect on the magnitude and duration of the floods of a 
substitution of perennial irrigation for the present system of 
intermittent irrigation. 

85. — We have nDw to consider the effect of the introduction of perennial Thu inquiry 

effects 

irrigation on the regime of the Nile. The perfection of the perennial irrigation of the irrigation 

system ol 

the Delta north of Cairo will in no way effect the Nile in flood. Tlie canals will upper Egypt 

continue to run as they do at present, and the question of water storage for 

Lower Egypt is therefore quite independent of the subject of flood protection. 

In Upper Egypt, however, we have 1,460,000 acres of basin irrigation ; and as 

each acre receives in a low^ flood 80 cubic metres of water per day, in an ordinary 

flood 130 cubic metres per day, and in an extraordinary flood 170 (*) cubic metres 

per day, while the demands of perennial irrigation are only 25 cubic metres per 

acre per day, it will readily be understood that we are dealing with a quantity 

of w^ater which demands the greatest attention. 



(I) These fif?ures in*e found os follows: — Take llie discnarg«'»s opposite the low, mean, and high 
flood gauges in Table VII, Appendix III; subtract from Uiem 200 cubic metres [)er second for the perennial 
(canals, and divide the remnindor by 1,460,000. 
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The elements 

of the 

problem. 



86. — To foretell with exax3titude the anticipated changes in the r^ime 
of the Nile, it is necessaiy to know first the ilaily gauges of the Nile at Assuaa 
and Cairo for a period of at least twenty yeai's, and the discharges con*esponding 
to these gauges. The difference ])etween these discharges represent the con- 
sumption of water. We have next to determine the amount of water which 
passes into the canals, the amount utilised in filling up the trough of the Nile(*) 
and covering theherms, and the amounts evaporated and absorbed. We know 
that the last three items are constant while tlie canal dis^'harges are variable 
and depend on the system of irrigation and, if our data are correct, we can 
lell with certainty what changes in the level of the Nile will follow certain 
changes in the system of irrigation. 



Gauge 
records. 



87. — Table VI of Appendix III contains the Assuan and Cairo gauges 
for a period of twenty years from 1873 to 1892, and the mean gauges of 
these twenty years. Finding it impossible to understand the Nile without first 
leferriug every gauge to some uniform standard, I had to choose the line of 
reference. The mean high water level and tlie mean low water level were lx)th 
available f). In Egypt the mean high water level varies very considerably 
vvhethei* we take it in August and the early part of September when the basin 
canals are running full supply, or in tlie latter half of September when the canals 
are running only half supply, or in October when the basins are discharging 
hack into the Nile. Early and quick rising floods have a different series of levels 
from slow and late floods; while again the recent works carried out in Upper 
Egypt by Col. Ross have so increased the discharging capacity of the canals that 
the flood gauges have been apprecial)!y affected. All this points to the conclusion 
that the mean high flood is no satisfactory standai'd. The mean low flood on the 
other hand is much less liable to change and is very fairly constant from year 
to vear. llxjAi floods are certainlv followed bv scouring out of the bed, and low 
Hoods by a silling up of the channel, but the changes are very moderate compared 
to those in high flood. I have chosen the mean low water level as the line 
of refei'cnce, and all gauges mentioned in this report are referred to it. From 
the mean of twenty years observations, this level was found to be at Assuao 
11. L. 85 metres. By observations along the Nile generally, and by calculations 
at Cairo, I have fixed it at all important places north of Assuan. Table IX of 
Appendix 111 gives the Reduced Levels at different places, while it is also drawn 
on the longitudinal and cross sections of the Nile in plates XIX and XX. 
it was on this system that the ancient Egyptian Engineers worked the Nile. 
They however chose the mean high water level during the early part of the flood 
as their standard of reference and consequently made the so called cubits in the 



(1) a Lc irrigationi nclVEgitto » l)y Prof. J. Henelli, puire 27, Roiuo 1892. 

(2) a (Jtiiila del ulrolof/iajlucialc », pugf; 58, by Lcunhardini, Milan 1870. 
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flood reaches of the Cairo gauge half cubits. This means a disch^irge of 1600 (*) 
cubic metres per second and fairly represents the discharges of the basin canals 
in flood. When it is considered that the level of the Nile valley is raised by 
about 12 or 13 centimetres per 100 years it will be seen that the old Cairo 
gauge, which was a living record 1500 years ago, is to-day a meaningless ana- 
chronism. It has also to be compared with the Assuan gauge which was erected 
in Ismael Pasha's time with an arbitrary zero some 90 centimetres below 
mean low water level, and which may be reading 17 cubits while Cairo may be 
recording 25 cubits. The Cairo gauges in winter and summer are no records of 
discharge as the afflux from the Barnige affects them. To find the discharge at 
Cairo during these months, I have added those of the Rosetta and Damietta 
branches and the Delta canals upstream of the Barrage. When the Nile falls 
below mean low water level, the gauges are recorded as minus quantities. 

88. — Discharge sites having been chosen for the Assuan, Assiout and Discharges, 
Cairo gauges on the Nile, a continuous series of surface velocity observations, 
cross sections and slope measurements were made during 1892 and 1893 and 
the resulting discharges (^) recorded on plate XXVII. Curves of discharge were 
drawn and referred to the gauges of twenty years and modified until finally a 
curve was found which suited any year whether it w^ere a maximum or a mini- 
mum. In connection with this subject, it must be remembered that the Nile bed 
is raised by silt during low floods and scoured out during high floods and that 
consequently August and September discharges very considerably at times from 
October and November discharges for the same gauge. In addition to this,: it 
must also be borne in mind that the slope of water surface and that consequently 
the discharge of a flood during the rise is far greater than during the fall for 
the same gauge. Indeed the Nile often discharges more when it is 30 centimetres 
below its maximum and rising fast than when it has reached its maximum and 
begun to fall. It is owing to this fact that we often see the discrepancy of the 
Assuan gauge reaching its maximum a day before Haifa which is 360 kilometres 
higher up the river. The discharge depends on gauge and slope, and the gauge 
only records one element. Keeping these facts in my mind, I saw that it was of 
no use recording the gauges to two places of decimals and covering paper with 
useless figures, and consequently I chose the higher unit for a rising gauge and 
the lower for a falling gauge when I was dealing with discharges. Table I of 
Appendix III contains the discharges, w^hile Table II gives five daily gauges 
and discharges at Assuan, Assiout and Cairo for 1892 and 1893. Through the 



(1) The half pics run from 5.2 to 6.8 on the Cairo gauge and 1.60 metres at tlie top of the mean flood 
gauges of the Nile represent a discharge of 3200 cubic metres per second. 

(2) For the Nile discharges by surface velocity observations, Harlacher's metliod lias been employed 
"With a constant of .85. For discharges calculated from slope, Manning's fprraula has been used with a 
constant of 40. 
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courtesy of the Inspectors General of irrigation^ flood discharges were taken 
of all the canals in Upper Egypt through IS92 and 1893 and have been recorded 
in tables IV and V of Appendix III. From these tables, table VII has been 
compiled which gives rough approximate discharges of the canals cori'esponding 
to the Assuan gauges in the first half of the flood. 

The trough 89. — To obtalu iuformatiou about the troufjh of the Nile, the area 

of the Nile, ^ 

e^aporauon cxposed to evaporatlou and the area of absorption, a longitudinal section of the 

and 

«bM>rpuon. Nile from Assuan to Cairo has been levelled, and cross sections taken at every 
3 kilometres. Plates XIX and XX give these sections while tables XI and XII 
of Appendix III give the mean results. The kilometrage on the plan and sections 
of the Nile counts from the Assuan gauge and is measured down the centre of 
discharge of the flood, since it is with flood discharges that we are principally 
dealing. As the Nile winds about considerably and is often broken into 
numerous channels, the areas of the cross sections vary very appi*eciably 
according as they are taken at right angles to the centre line of discharge or of 
the deep channel of the river. The former gives the more reliable results. 
I have taken 8 millimetres per day as the evaporation during flood in Upper 
Egypt (*). The absorption has been calculated from the water consumption 
during the floods of 1892 and 1893, and found to be about 300 cubic metres 
per second between Assuan and Assiout, where there is practically no perennial 
irrigation. Between Assiout and Cairo, where there is a considerable length 
of perennial iri-igation on one bank and limestone rock on the other, the 
absorption is about 100 cubic metres per second. 

Appendix ni. 90. — Appendix III contains a monograph on the Nile which, with its 

tables, embodies all the above information, and will be referred to on all points 
connected with the enquiry before us. 

Effect 91 , — When perennial irrigation has once established itself in Upper 

of irrigation Egypt, we may assume that the absorption during flood will be halved in 

on the regime /* i 

of the Nile, quantity for the reasons given in para: 89, and become 150 cubic metres per 
second between Assuan and Assiout, and 50 cubic metres per second between 
Assiout and Cairo. The amount of water expended in irrigation will be, 
accx)rdiug to para : 16 of this report, 700 cubic metres per second. The 
evaporation during flood will be approximately 120 cubic metres per second 
(see table XIII of Appendix III). The quantity of water needed to fill the trough 
of the Nile will depend on the gauges and may be calculated from table XII of 
Appendix III. The last item will be the only variable one and the others may 
be approximately tabulated as follows : — 

(1) « Egyptian Irrigation », page 27; where it is slated that Linant Pasha considered it as 9 milli- 
metres per day, and observations on Lake KurCin made it 7 V, millimetres per day in May and June. 
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Kxpenditure of water in flood in cubic metres per second : 

BETWEEB AS.'hDO' IKD A5JiaUT. BBTWEEH AS^iiaVT AND CllER. TOTAL, 

Perennial irrigation 350 350 700 

Evaporation 65 55 120 

Absorption 150 50 200 

Total of above. . . 565 455 1020 



Taking these quantities and calculating directly for the filling of the trough 
from the gauges themselves, I have collected in table XVIII of Appendix III the 
Cairo gauges corresponding to the Assu&n gauges for the high years 1 87 1, 1 878 
and 1892, and the minimum year 1877. As far as the more important results 
are concerned, I tabulate them here : — 

Gauges at Assuan and Cairo. 



• (The Nile breachad its bnnks on the 10th October 1878 and thus prevented any further rise of 
the gauge). 
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To enable one to compare these figui'es with the gauges as recorded at 
present, I add the following table : — 





-A.SSXJAlSr 




OiVIDE^O 


REAL G iUGE 
IN METRES 


GAI'GE AS RECORDED 

IN 
Cl'Bm> AND S4TUS 


REAL GAI'GE 
IN METRES 


GAICK AS REmRDED 

IK 
Cl'Hin A>0 MTHii 


RF.AI GAIGE 
IN METRES 


GAi'CB a; kbciirded 
lil 

CI'HITS AMD ttTBS 


REAL GAI GR 
IN HRTHB5 


GAI CK Af BICORim 

IK 
CCniTj ASD ltl» 


0.0 


Cdbits. 2 ills. 

1 13 


5,0 


Cubils. 

10 


2 (Its. 

20 


0.0 


C'jbita. titkt. 

6 9 


5.0 


Cikttt. !t(b. 

15 19 


.5 


2 12 


.5 


11 


18 


.5 


7 7 


.5 


17 12 


1.0 


3 10 


6.0 


12 


IG 


1.0 


8 5 


6.0 


19 8 


.5 


4 8 


.5 


13 


14 


.5 


9 4 


.5 


21 4 


2.0 


5 6 


7.0 


14 


12 


2.0 


10 2 


7.0 


22 12 


.5 


6 4 


.5 


15 


11 


.5 


11 


.5 


23 10 


3.0 


7 3 


8.0 


16 


9 


3.0 


12 


8.0 


24 9 


.5 


8 1 


.5 


17 


7 


.5 


13 


.5 


25 7 


4.0 


8 23 


9.0 


18 


5 


4.0 


13 23 


9.0 


26 5 


.5 


9 21 








.5 


14 21 






16 cubits 


at Assuan con 


responds to 7.8 


metres. 


16 cubits at Cairo corresponds t)5.1 metres. 


17 » 


» » 


» » 8.3 


» 


22 » 

23 » 


» » 


» » 6.7 » 
• » 7.3 » 


18 » 


y> » 


» » 8.9 


» 


24 » 

25 » 


• » 
» » 


» » 7.8 » 
» • 8.3 » 










25'/, » 


» » 


» » 8.6 » 



92- — The flood of 1874 was an early one and the basins were 
discharged on a falling Nile, still they raised the Cairo gauge to 8.7 metres on 
the 5th October, while it would have risen to 8.5 on the 15th September with 
perennial irrigation. The flood of 1878 was an exceedingly late one and the 
basins had to be discharged while the river was still very high. By the 10th 
October, the river had risen to 8 . 7 metres at Cairo when the banks were 
breached and all future rise stopped. With perennial irrigation, the maximum 
gauge of 8. G metres would have been reached on the 10th October. The flood 
of 1892 was at Assuan 10 centimetres below that of 1874 and 20 centimetres 
below that of 1878, and midway between them in point of time. It was also 
under complete control owing to the new regulating works on the basins. It 
rose to 8.4 metres at Cairo on the 5th October and fell exceedingly slowly. 
With perennial irrigation, it would have risen to 8.4 at Cairo on the 30th 
September and then fallen rapidly. These results are plotted on plate XXVIII 
and the comparative rate of rise and fall can be easily studied on the 
diagrams. 
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93. — Speaking generally, we may say that with perennial irrrigation the Bummary. 
very high floods at Cairo will be 15 days in advance of what they are at present, 

that they will not rise higher, and that they will fall 15 days earlier than what 
they do now. With low floods there will be no appreciable difference as to 
date, but there will be a slightly higher gauge at Cairo. In ordinary floods, 
there will be an advance of from 20 to 25 days in the date of the maximum 
flood and a maximum gauge at Cairo 50 or 00 centimetres under the maximum 
gauge at Assuan. We have so far considered Cairo only, as the Delta proper 
depends on the Cairo gauge. We now turn to the Nile in Upper Egypt itself: 
South of Sohag, there will be no serious change in levels, but the Sohagia and 
Ibrahimia canals between them carry at present 750 cubic metres per second in 
excess of what they would carry if there were perennial irrigation in Egypt, 
and the greater part of this water is not returned to the Nile until the Kushesha 
escape is reached. The reach of the Nile from Sohag to Kushesha is the one 
which will experience the greatest changes, and 1 calculate that there will be a 
rise of 40 centimetres as compared with the maximum gauges under basin 
irrigation . 

V. — The best method of controlling the floods 
and the cost of the undertaking. 

94. — We have seen that, if basin irrigation were replaced by perennial TheRowtu 
irrigation, the Nile at Cairo in an exceptional year like 1878 would rise to a Branches 
height of 8.6 metres, and this would be 20 centimetres above the maximum 

gauge of 1892. Judging from the experience of basin irrigation in 1878 and 
1892, we may say that, with the basins under complete control as they are at 
present^ a flood like that of 1878, with its maximum of 9.1 metres at Assuan 
on the 1st October, would under present conditions rise at Cairo to a height 
not under 8,6 metres. The flood of 1874 attained a level of 8.7 metres at Cairo 
and traversed the two branches of the Nile without causing a breach until 
within 60 kilometres of the sea. This flood came early and the basins were 
discharged quickly so that the banks had no time to become sodden and danger- 
ous; and it is owing to this that, in my opinion, there was so little damage 
done in 1874. As, with perennial irrigation, the floods will rise and fall quickly, 
we may contemplate the Nile in the Delta without much anxiety. The banks 
to-day are in far better order than what they were 20 years ago, and we have 
besides spent L. E. 500,000 since 1882 in providing 800 kilometres of banks 
with spurs and protective works. A further expenditure of L. E. 300,000 would 
complete the works and change anxiety into responsibility as far as the Nile 
banks were concerned. An expenditure ofL. E. 800,000 for 800 kilometres of 
bank means L. E. 1 ,000 per kilometre, and this may be taken as the cost of Nile 
protection. 
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95. — The Rosetfa branch has a far greater carrying capacity than the 
Damietta branch. After the great breach near Cairo in 1878, the former carried 
the whole of the water which escaped from the breach as well as its own natural 
discharge and rose 1 metre above its normal height. It was then at the same 
height above the country that the Damietta branch normally is. When there is 
no basin irrigation and no direct discharge back from the basins into the Rosetta 
branch, it will be possible to take full advantage of this fact. Turning 
the Bahr Yusuf into a drainage cut as ])roposed by Major Brown, and 
continuing it along the foot of the desert hills as far as the Barrage, it will 
be possible to divert into this branch 300 cubic metres per second of drainage 
water and relieve the Damietta l)ranch of this quantity. Mr. Foster con- 
templates making an escape dire(»t from the main Nile into the Rosetta branch 
at its 12th kilometre. 

96. — With the Rosetta l)ranch always available for the escape of flood 
water, and an expenditure of L. E. 300,000 to perfect the protection of the 
banks, we may say that, as far as Lower Kgypt is concerned, the basin 
irrigation of Upper Egypt may be changed into perennial irrigation without 
causing more anxiety than what exists to-day. The change from one system 
of irrigation to the other must of necessity be gradual (*), and experience will 
teach us how far our anticipations have been justified. New facts and new 
data will enable us to modify our calculations and gradually perfect the system 
of perennial irrigation without running any risks. 

The Nile 97. — We saw in para. 93 that a rise of 40 centimetres was contemplated 

in 

Upper Egypt, betwecu Sohag and Kushesha on the introduction of perennial irrigation into 
Tipper Egypt. If Upper Egy])t north of Assiout is alone taken in hand, the 
rise will be halved. To protect the country against flood the 400 kilometres of 
bank between Assiout and Kushesha should be provided with spurs at a cost 
of L. E. 400,000. To this may be added L. E. 50,000 for raising the banks. 
The total cost of protection would l)e therefore L. E. 450,000. When however 
we consider the fact that a breach of the Nile l)ank would be attended withfer 
more serious consequences in a perennially irrigated tract than in one under 
basin irrigation, it would be a decided relief to the country if the Nile in flood 
could l)e controlled before it entered Egypt. There are tw^o places where this 
might be done. One is Kaibar or Hannek, the other is probably Dal. 



(1) *• Nile Rcscrcoirs'\ page 49, Cairo, 1891. Wlion we consider Ihnt the Ihrahimio canal with its basin 
feeders discharges in flood 2100 cubic metres per acre wiiile llie Sohagia and oUier canals discbarge 
6300 cubic metres, we can see that it will bo possible to make a beginning by reducing the area under 
basin irrigation on the Ibrahimia canal by 66 per cent without interfering witli its discharge. 
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98- — If reference is made to plate I, it will he seen that upstream of The nu* 

Id Nubia. 

the Ilannek Cataract on the left bank of the Nile (*), is the great El Kab 
depression, which is considered to be lower than the Nile valley. The 
Hannek and Kaibar Cataracts were surveyed and levelled by de Gottberg in 
1857 (*). On plate I, I have reproduced de Gottberg's plans and sections of 
Kaibar, and it will be seen that there we have a site w^onderfiilly suited for a 
regulating w^ork. Sir John Fowler's engineers, on their w ay to Kliartoum from 
Wady Haifa, passed by the Hannek Cataract ; by combining their levels of 
therailw^ay line. Sir B. Baker's levels of the Nile, and de Gottberg's sections, 
it becomes evident that a raising of the flood water surface at Kaibar by about 
8 metres would enable us to control the Nile in flood by discharging its 
surplus water into the deserts. The Hannek Cataract is not so wonderfully 
suited for a dam as Kaibar, but a raising of the water surface in flood by 2 metres 
would suflSce to control the Nile. Here then we have two sites w^iere in all 
probability at a cost of L. E. 700,000 (I assume a rate for work 100 per cent 
in excess of that at Assuan) we should have absolute control of a high flood and 
be enabled to send down the Nile the quantity of water which w^e deemed 
sufficient for irrigation. It is possible that there is an opening from the 
Nile to the Selima wells from above the Dal Cataract as is so frequently 
stated by travellers, and as the Dal Cataract is granite, we might be able to 
construct a regulating weir there ; but we have no reliable information on 
this point. 

99. — In order to insure the country against floods we must, either conclusion, 
strengthen the banks of the Nile at a cost of L. E. 750,000 [Lower Egypt 
L. E. 300,000 and Upper Egypt L. E. 450,000], or we must control the Nile 
in flood before it enters Egypt. I personally consider the latter method of pro- 
tection as infinitely the better and thp more reliable. If w^e were able to prevent 
a flood from rising above 8.0 metres at Assuan, we should save in a year like 
1874, 1878, 1887 or 1892 a very considerable area(') of maize from inundation 
by direct drowning or infiltration water along 1300 kilometres of the Nile, we 
should prevent deterioration of land along the banks of the Nile and the destruc- 
tion of villages in Upper Egypt, and enormously relieve the burden of flood pro- 
tection which is none the less heavy because it does not figure in the Government 
accounts. I think I may place at L. E. 200,000 per annum the gain to the 
country from any work which could effectively control the Nile in flood in both 
Upper and Lower Egypt. 



(1) Appendix III. 

(2) Des Cataractes de Hannek et Kaybar, by E. . de GolU)erg. Paris 1867. 

(3) During a very high flood, a large area is flooded before it is sown and is Uius prevented from 
producing the valuable maize crops. 
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VI. — The effect on the quality of the ivater ivhen the new 

changes are introduced. 

The Nubian 100- — The Nublan reservoirs will be filled ia November and December 

after a low flood, and in December and January after a high flood. At this time 
of the year the Nile water is very pure, and as it will be perpetually flowing 
with a depth of from 10 to 30 metres, it will consequentlj^ remain pure. The 
effect of this quantity of wholesome water on the green water of the Nile in 
June and July of a low summer will be to dilute it and considerably improve it. 
The Nubian deserts are quite free from impure and harmful salts of all kinds. 
The numbers of reservoirs in the world which store water and which have 
stored it for hundreds of years, without in any way hurting it, are a perfect 
guarantee for any reservoirs constructed in the bed of the Nile. 

The 101. — The question of the Wady llayan reservoir becoming brackish 

reservoir, was discusscd at a meeting of Khedivial Geographical Society at Cairo on 
the 16th March 1888(*). Col. Ross was of opinion that it would not be brackish 
while D"" Schweinfurth feared it might. Since that discussion took place, very 
extensive series of borings have been made. These borings have disclosed strata 
of salt but the bitter marls and salty clays which could have contaminated the 
water have nowhere })een found inside the Wady Rayan or the Wady Liernur(*). 
Considering the enormous quantity of water which would be discharged into 
the lake as compared to the amount of salt, I cannot conceive how the lake 
could become brackish. I share Col. Ross' opinion. 



Cairo, 25th November, 1893. 



W. WILLCOCKS, 
Director General of Reservoirs. 



(t) *' Egyptian irrigation", page 317. 

(2) See Dr. Schweinfurlh's note in Appendix XIII, where he considers timt the water will not be 
brackish, l)ut that in all probability theix? will be serious losses from leakage. 
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DESCRIPTIONS OF EXISTING RESERVOIRS 



Epitome of 

a Annali di agricultura 1886 
Laghi artijiciali delV Algeria, della Francia e del Belgio » 



And 



c( Annali di agricultura 1888 



Irrigazioni e laghi artijiciali della Spagna » 



BY 

GIUSEPPE ZOPPI E GIACOiMO TORRICELLI. 



Cairo, 1892. 
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(( Annali di agrkultura 1886,'=— Laghi artificialideirA Igeria, della Francia e del Belgio », 
a Annali dt agricuUura 1888, — Irn'gazioni'e laghi arlificiali della Spagna ». 

Relazioiii degli in^egnori Giuseppe /oppr e Giacomo Toriucelli. 



The summing up of these Italian Engineers is contsdned in the foUovdng sentences, 

1. — a All the Spanish dams, ancient as well as modern, have bien constructed on the 
hardest rocks, generally granite or limestone. We think that it is owing to this that they 
are absolutely stable. To reach the solid rock, the Spanish Engineer at Puentes, did not 
hesitate to take the foundations of that dam to a depth of 24 metres below the bed of the 
stream so that, from the bottom of the foundation to the crest of the dam, that work is 72 metres 
high. Comparing the dams we have seen in Algeria with those we saw in Spain, we are 
convinced that no high dams should ever be built on any rock except that which in exceedingly 
hard, and in which especially there is no trace of marl or clay ». (*) 

2. — « The problem of the prevention of the silting up of reservoirs has not yet been 
solved. It depends on the nature of the soil and the sloi)e of the reservoir, and the Spanish 
system which has succeeded perfectly in some reservoirs, is not universally applicable ». 



I noiv proceed to the Epitome of the two ivorks. 

Practically all the rivers in Algeria are torrents with considerable floods during the rainy Hydroiogioai, 
season and scarcely any water in summer. The water in the rivers is always muddy as ^*^J^^^^* 
though it came from recent showers and not from springs. The drought in summer is excessive, oiwienrations 
The Tell is the name given to the region which drains into the Mediterranean and it is with ^^ Algeria, 
this tract only that we have do. It is bounded on the South by the Atlas mountains which 
rise in places to a height of 2500 metres above sea level. 

Western Algeria has no forest to speak of, and the catchment basins of the streams are 
generally dry and barren, formed principally of a clayey marl, which under the action of 
water melts rapidly away. The streams have a slope of j^ and over, and their waters are 
very heavily charged with mud. The rainfall varies from 30 centimetres to 1 metre per 
annum, with mean of 40 centimetres. Nearly all the rain falls in the winter. The rainfall is 
steadily decreasing owing to the very rapid destruction of what remains of the forests. The 
destruction of the forests is due to : — forest fires, animals feeding in the forests, manufac- 
ture of charcoal, and the conversion of forest into cultivated land. 

The greater part of the rainfall is evaporated and very little sinks into the hills since 
there are practically no springs. The rivers carry oflF a very small proportion of the total 
rainfall; thus the Cheliff carries -^ , the Habra -^, the Sig -^, while small streams like 
the Tlielat may carry — • The largest river in Algeria, the Cheliff, has a discharge in 
summer of 2 cuMc metres per second, while the Habra has only — a cubic metre per second, 
the Sig and the Mina have an insignificant discharge, and all the rest are dry in summer. 

(•) The engineers elsewhere consider 20 metres as the moximum height of dam permissible on rocks 
Which contain clay strata. By 20 metres heigtit of dam, I understand them to mean 20 metres head of 
Water. They however are strongly opposed to dums of any kind on rocks containing traces of marl or clay. 
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It is for this reason that there is a (lemand fur rost^rvoirs capable of stonng water ia 
wlDter, and discharging it in sumiDer. The summer crops are cotton, maize, flax, sesame, 
tobacco. Tines, ganlens and meadows. Cotton is sown in March and gathered in November. 
The cotton is generally sown every second year, as one year's roots do for two years. 

Cotton is irrigated for 5 months from May to Septembitr, receiving 10 irrigations of 6 ~ 
centimetres each, or altogether 2700 cubic metres per feddan or acre. The amount of 
water allowed is 17 cubic metres per acre jier day. In Egypt 22 cubic metres per acre 
per day are provided in the canals, though tito fields ordinarily receive 17 cubic metres per 
acre per <iay. 

Of course, with such litlle water as they have in Algeria, the system of irrigatioD is 
delicate and complicated, and nothing is to be learnt from it of any praclieal value to Egypt. 

In describing the different reservoirs, I shall follow the two Italian Ektgiaeers, in dividing 
the subject into 7 heads ; — 

1. General. — 2. Geological. — 3. Profile of the dam and the composition of the masonry 
and method of construction. — 4. Irrigation sluices. — 5. Under sluices. — 6. Waste weirs, 
and 7 Financial. 

Reservoir data on the Khamls River. _ 

This dam is situated abiut 40 kilometrt.-s S, B. of the town of Algeirs. 
and interfered with by the Franco^erman war, it was completed in 1884 
high, 40 metres long at base,- and 103 metres long at top. The width at top i 
base 27.8 metres. 
' The capacity of the reservoir is 13,0i)0,000 cubic metres. The total rail 
catchment basin is 700,000,000 cubic metres, of this -^ will suffice to fill th 

There is no loss from filtration. 

The daily loss bv evajioration in summer is 10 milUmetres per day or 
5 months. This loss is n)a(le up by the discharge of the stream. 

a.OK>iogio]. The rocks at the source of the stream are alternating strata of clay and 
 ' -cretaceous period, and lower down the valley the same sandstone fjllowe* 
limestone. Under the sandt'toue appears at the site of the dam an outcrop 
'The dam was built partly on mica schists and [lartly on sandstnne. The 
' ~ ' ' impervious to the water, the sandstone is i>orous with many faults on the 
of th^ AAm. But as the dip of the strata is 40* and inclined towards the upst 
the infiltrations are not serious. 

 The dam might have been entirely constructetl on mica schists, but in 
a slight economy it 'Wa^ buill partly on the sandstone. As soon as tt 
filled, the right wing of the dam, which is on the sandstone, moved awa_ 
of the dam and the reservoir was quickly emptied through the undersluice. A strong 
retaining wall is being built to support the part which has cracked. All this would have 
been avoided if the whole dam had been built on the mica schists at a slightly greater 



The weight of the masonry in calculation has been taken at 3200 kilograms per colne 
metre and the weight of the water 1000 kilograms. Considering the amount of mud suspended 
in the water in the flood, when the reservoir is full, the Italian Engineers considerllOO kilo- 
grams as a safer weight per cubic metre of water. 

Taking 1003 kilograms as the weight of a cubic metre of water, the Italian Engineers 
calculate that the maximum pressure on the masonry on the downstream side is 11 kilo- 
grams per square centimetre; and a tension of 3.7 kilograms per square centimetre on the 
upstream side, which is bad. 

The dam in plan is straight and not curvetl. 



Tlifl mortar wa-; made of Tiieil lime frjm France ari'l sanil in tha propjrtion of 
350 kilograms of lime to 1 cubic metre of mortar. Tjie class of masoary is uncoursei 
rubble. The stuikes ure liaed with ashlar. The stone used in construction was a rather 
inferior sandstone. 

The irrigation sluices in the Algerian dams are all ma le on the pattern of the Spanish «. irrigatioii 
sluices which have worked well for centuries. Each sluice consists of one or more cast iron ■luic*- 
pipes of from 50 ceotimtftrea to 1 metre diameter laid hirlzjntally aurora the dam near its 
foundation course and opening on the'r upstream side int') a vertical welt which is left in the 
body of the dam near its upstream face. This well is generally about 1 mptre bri>ad and some 
4 metres long, and is of the same depth as the height of the dam. The thin masonry wall 
between the reservoir and the well is pierced with numerous Imles of about 30 centi- 
metres diameter each all the way from the bottom to the top, so that whatever may be the 
depth of deposit in the reservoir a certain number of holes is always open to the water. 
The cast iron horizontal pipes project beyoud the downstream face of the dam, and are 
pr>vided with regulating values. They discharge their water int> a tankfrjm which it fljws 
into the irrigation canal. 



(Figure I). Irrigation sluice. (Fi^^ure 2). Under slitice. 

Id theKhamisdan, thatvocast iron pipjs ar^ each 86 ceatimetrtiS in diameter, an I the 
canal iscalculat-'d to discharge 1 cubic metre per secDod. 

The ander^tluice at Khamts is on t!ie Spanish principle. It is situated at the bottom in 
the line of the bed of the original stream. A Spanish unlersluice consist'^ of an opening of 
from 1 t? 3 metres in height and Irjm 1 to i metres in wi'tth at the upstream end; it 
increases gra lually a ^ it a Ivances downstream until at the downstream end it is sometimes 
so much as 4 metres wide and 6 metres high . This opening is close I at tlie upstream end by 
a wooden door, called a Spanish doDi-, supported against woo len horizontal timbers let int] 
apertures in the two sides at the point A in figure (2). Just a'tove theundersluica is a gallery. 
This gallery is about a metre wide and 2 metres high and is clcued on tlie upstream side and 
open on thedownstream face toallow workmen to enter. It communicates with the underslutcj 
by an opening some 60 centimetrjs in diameter just d^vrnstrea-o of the gate A (figure 3). 
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Thp door is put in position in tln' 
undersliiice from thft downstream side 
when tlie reservoir is emptj'.aiiii thethi'i-w 
hori/.i)nlal timbers B, (J, D (figiiiv 3) an; 
let into slots in the jambs, ami the whole 
door is well caulked. The water now 
rises in the resi^rvoir and as the dep^isits 
acciimulatei they bury the dmr and gra- 
dually gain great o'nsistency. It takes 
4year3f»rthp deposit to become S'did, 
though it is generally left 10 years. 
When the reservoir hasgot tilled upwitli 
deposits to the extent which is considered 
a maximum, the wi)rkmen enter thf 

mviersliiice. Iwre with an augur thrmgli (l-ijimi' 3). 

the door to be sure that the mud is soli'l, saw the timbers It, C and D, and then escape into 
the gallery. The door is not free lo drop, bat is generally held by the solidified mud. The 
workmen now go to the top of the dam and work a h >le thmugh the deposit with a long 
iron pole until the water tnuclies the doir. Wlien this happens, tlie door falls and the 
mud follows it in a tremendous avalanche. The reservoir is si^on emptied and more or less 
of the deposit removed. A n.'w gate is then put in, now horizontals B, C, D are placed 
behind it. and the reservoir begins to fill again. 

In the Khamis dam tliere are two of these scouring sluices 13 metres apart. They ire 
each 1.20"'X2'" at tlie upstream end and 2.50X5-0" at the downstream end. One large 
opening would have been more effective. The water rushing through these sluices has attained 
a velocity of 15 metres per i-econd. 

As the reservoir has not realty worked yet, no estimate can be formed of their power to 
remove deposit, 

$. wute The waste weir has been cut out of the soliil rock. It has a width of 30 metres. The rock 

^"""^ is not good enougli for a waste weir to be safe. 

7, -Fiiiaiioiai. As the lime of the country was not used, but expensive lime was brought from Franca 
the masonry cost L. E. 1 per cubic metre in>tead of l,.E. O.GO percuhic metre, as it otherwise 
would. The work was onsiructed by Givernment and cost altogether, with its canals, 
L. E. 120.000. As the amount of water stored is only 13,CK)0,()00 cubic metres, it comes to 
L. E. 1 per lOO cubic metres which is %-ery costly. 
^ The dam is being repaired. 

The Habra dam. 

1, General. This dam IS Situated aliout 70 kilometres S. E. of Oran. It was begun in iSfiS and 

completed in 1871. The height of the dam (exclusive of foundations) is 30 metres, the length 
at base 100 metres and at crest 3?5 metres. The width at top is 4.30 metres and at the base 
S7 metres. The reservoir has a capacity of 30.000,001 cubic metres and supplies 3 cubic 
metres per second. The catchment basin is 81X10 square kilometres and the capacity of the 
reservoir is-^ of the rainfall. The loss by evaporation is 10 millimetres daily in Summer. 

3. Geological. The rock at the site of the dam is formed of alternate layers of clay and sandstone of the 
Miocene formation. It was originally intended to construct it a little upstream of its present 
site on clay schists of the upper cretaceous formation, but it has actually been built on sand- 
stone. The clay is soapy and expands when wet, while the sandstone is Assured. There are 
moreover numerous faults. Tlie reservoir was tilled in 1871 and there were serious leaks which 
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discharge J 20 litres per second. These leaks ran continuously till 1881 when the right flank 
of the dam yielded and the reservoir emptied ifeelf through the rent thus made. The cause of 
the failure of the^dam lay in the alternating layers of sandstone and clay. The right flank of 
the dam which fell is not straight^ but inclined at an L of HO** to the rest of the dam. The 
rupture began at the /^ which was really fauJty for a structure of this kind. The water of 
tlxe dam, working its way under great pressure for 10 years through some stratum of clay, 
thoroughly liquified it, carried it away, undermined the work and caused the accident. At 
the time of failure, there was only an extreme compression of 4.70 kilograms per square cen- 
ttmetre, and an extreme tension of 0.50 kilograms per square centimetre. 

The company is repairing the damage by building a new deep wall in continuation of 
the main part of the dam.. 

With the exception of the right flank wall which leaves the main dam at an /., the dam 4. profile 
is straight and not curved. The maximum pressure is 6 kil« grams per square centimetre. The °![ *^** ^"* 
sandstone of which the dam is built is inferior. Tlie lime was burnt on the spot. 

The irrigation sluices are oHinary. 

There are two scouring sluices, each l'°.20x2.™0 at the upstream end and l."50x4."^ 5. under 
at the downstream end, capable of discharging 30 cubic metres per second. siuicoe. 

The sluices are regulated by wrought iron gates put in motion by a verlicaf iron shaft 
worked by a screw at the top of the dam. It takes 5 — hours to open one gate. This delay is 
fatal to the scDuring power of the gates, and the undersluices have not been a success. 

The dam cost L. E. 120,000, and as the water contained in the reservoir was 30,000,000 7. Financial, 
cubic metres, the cost of the water was L. E. 1 per 250 cubic metres. 
The repairs under exocation will however cDst L. E. 50,000. 

The Shurfas dam. 

This dam is situated about 50 kilometres S. E. of Oran. The height of the dam is 3.) metres i. General, 
above the foundation, which is in places 10 metres above the rocky bed of the river. 
The length at base is 50 metres and at top 155 metre. The width at top is 4 metres and at 
bottom 22 metres. Begun in 1882 it was ompleted in 1884. The reservoir was capable of 
containing 16,000,000 cubic metres. 

The dam is founded on alternate strata of marly limestone and clay. The rock isof very 2. Geological, 
inferior quality, some of it being crushed when wet at 11 kilograms per square centimetre. 
The reservoir was filled in January 1885 and the right bank fell in February of the same year. 
The inferiority of the rock was the cause of the failure. If the dam had been moved a little 
upstream, it would have rested on compact stone. It would have cost far more, but it would 
have been safe. 

The maximum pressure allowed was 6 kilograms per square centimetre. The mortar was a. Profile 
made with Theil lime from France. °i ***• ***"*• 

and maaonry. 

There was one Spanish undersluice. It was closed by the ordinary Spanish door, which 4. under 
of course can only be opened when the reservoir is filled with compact deposit. As there was ■*»**®^- 
no deposit in the reservoir in February 1885, the door could not be lowered and consequently 
there was no possibility of opening the underslaices and relieving the dam of pressure when 
it began to fail. 

The dam cost L.E. 33,030 in spite of its small size because the masonry cost L.E. 1.20 per 7. Financial, 
cubic metre. As the water contained in the reservoir was 16,000,000 cubic metres, this would 
have meant L. E. 1 per 500 cubic metres if the dam had not failed. 
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The Big dam. 

This, was an old dam constPiicted in iSIS and raised in 1858. TKe reservoir had howcTer 
practically siltffd up and it wa:i t'>aiil this reservoir that th<* Sliurr&sdam was constructed. 
When Ine Sliurffis 'lain failod, its water b>re down on the Slg dam, rose G metres over its 
crest and swejit it away tio. 

I The rock here is a compict limestone, and the dam, which wa< 26 metres hiffh had stood 

with perfect securily for 41) years. 

The lime for Ihe mortar was burnt at siti>. The comptsition of the mortar was 1 lime, 
2 hiimra. and 1 sand, and the msultirig masonry excellent. The masonry constructed of 
local lime c ist I.. E. 80 per cibio metre, with Theil lime L. E. l.iW per cubic metre, while 
ashlar work cost L. E. 3.(10 per cubic metre. 

The Muley Ma^foun dam. 

This dam is huilt partly of masonry and partly of earth in ontact with each other. The 
ontact hasnever been establtshed, and the cnnsequence is that the reservoir baa Dever been 
filled and h is practically been ahandunad. 

Thelat dam. 

The first Thelat dam was constructed of earth in 1830 and swept away -in 1862. Us 
length was 37 metres. Tim exibttng dam was built in IfHSi. It is 21 metres high, 13 nelrei 
long at base and lOI) at top. The widlli at top is 4 metres and at base 12.30 metres. It is built 
on a ompact limt-sto;jeand is iib^jlutely safe. As the dam was privided with an underslniM 
only l.O" <l.r>", it was incapable of keeping tlui reservoir clean ofdep 
Totr to-day has been completely oOliterated. The dam cost L. K. 0,400 add 
reservoir was 00O,rKX) cubic metres of water, or lOO cubic metres for I* "B 

Jedavvia dam. 

This masonry dam is 17 metres high and the capacity of the resei 
cubic metres. The dam is built on sandstone sufficiently compact with 
very compact pudding. The rock is strong enough fjr a dam 17 metres h 
pressure on the foundation is as high as 9.5 kilograms per square centi 
slufce is 1.40r'X0.8iJ"' and' is regulated by a screw gate. The dam cos 
tjiepe fore tdie storage cost L. E. 1 per Uicubic metres of water. Thftunii 
Eailureand the reservoir is completely filled up with deposit. 



• - Wady Meurid dam. 

1 aenerai. TMs U au eartheo dam 31 metres high, with a depth of water i 

18 metres. The' capacity of the resei'voir is 900,OOU cubic metres. Beg 
oomplflted in' 1864 and is working to-day. 

a. oeoiogieai. ' The rock is bosalt and Very compact. 

3. pni&ie. Though the dam is only 21 metres high on the upstream side, it is 29 metres high on 

the dowbslream side, and is probably the highest earthen dam in the world. The width it 
top is 3.50 metres and at base 90 metres. Its length at top is 110 metres and at base 23 metrM. 
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The up and downstream slopes are 1 verticil to S horimntal. It is Faced with masonrj 
steps 00 it upstream side. 

The uad Tsluice is a siagle pipe 80 caatimntrej diameter. It is insuBlicient and the deposit &- udhw 
is increasing steadily in the reservoir. There is a project for increasing the sige of the sluice. ■"*'•*•■ 

The dam and its adjuncts cost L. E. 16.010, and as the capacity of the reservoir is 900,000 7. riauiefai. 
cubic metres, this means L. E. 1 per 60 cubic metres. A inawnry dam would have been 
cheaper and safer on auch a solid r )ck fo m lalioa. 

Weir on the River GheUff. 

This work is not for water storage, but for diverting thft waters of t'le Olieltfl river into i. o«n*nJ. 
the Orleansvitle canals. The canals irrigate 3 ),')00 acres. The ordinary summer discharge 
of the ChelifTis from 3 to 4 cubic metre)) per second, though occasionally it falls to 1.5 metres 
per second. The ordinary floods are from 50 to 60 cubic metres per second, thr>ugh extra- 
ordinary floods of 1,500 cubic metres jior second have been recnnled. 

The weir is soli I antl his its crest 11.75 metres ab>ve the bed of river. It is 5S metres 
long at its bottom and 85 metres long at tip. The width at t)p is 2.50 metres and at bottom 
11.80 metres. It is circular in plan with a rise of 5.8 metres on a leugth of 85 metres. 

The rock on which the weir is built consists of allcrnBte Inyers of sandstone and clay a. GM>iogio«i. 
of the miocene formation. It is inferior in quality. Tlie living rock wa-i found at a distance 
far below that indicated by the borings, as the bed was airewn with luge boulders, whose 
exi8tea:se was not suspected till the foundations were expossd. 

The slope of the river at the site of the weir is -'-. Figure 4 gives a section of their weir, a. prani* 

*" ol thB rivtir 



It win be noticed that a platform on masonry 10^ X S" was constructed to strengthen 
the toe of the dam. The weir was completed in 1872, aid a heavy fiiM»<l in that year tore 
away the masonry platform and excavatid a deep hole 7 metres below Ihe level of the plat- 
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form. This hole was filled with large blocks of masonry and the toe protected with a coating 
of superior masonry. In 1885, a flood rose 3.70 metres over the crest of the dam, washed awaj 
the masonry blocks and deepened the hole another 4 metres. Since then, the hole has been 
left alone and up to the present no further damage has happened. 

Principal dams in France. 

Furans d&m. fhis dam was constructed between 18()1 and 1866. It is 56 metres high and holds up 
50 metres of water. The length at bottom is 10 metres and at top 100 metres. It is 3 metrel^ 
wide at top and 49 at bottom. The plan is circular on a rajius of 353 metres. The dam has 
been built on solid granite, and is in perfect conditioi: to-Klay. 

pm du Riot, This dam is. 34.50 metres high and was built in 1872-78. It is founded on solid granite 
and is in perfect condition to-day. 

®*^ This dam is 46..?0 metres high and was built in 1867-70. It is founded on solid granite ad 

is in perfect condition to-day. All the above dams are constructed on streams which cam 
very little sill. 

m 

Ternay. fj^g sdnne may be said of the Ternay dam which is 41 metres high, was finished in 1868 

and being founded on granite is in perfect order ti>day. 

Among numerous examples of interesting dams, the Italian Engineers give particutars 
of a dam which is constructed of rubble cemented with mud. 



• » 



The S^ Christophe dam. 

This dam is rectilinear in plan and ISO metres Ijugat top. It is composed of loose rubble 
14 metres wide at top with up and downstream slopes of—. It holds up 20 metres of water. 
A masonry channel pierced with numeDus holes was made to run over the top of the dan 
and the inud<Iy water carried by the onal leaked through the dam and left its mud behind, 
gradually cementing up the spaces between the stones. At the same time the muddy water 
was allowed to rise gradually in the reservoir and fli.w through the dam (:au>ing a farther 
cementing of the st'jne with mud. Finally a masonry facing 3 metres wide at bottom aod 
.50 metres wide at top was built on the upstream slope, and to-day the dam is waterlighl and 
holds up 2() metres of water. The dam is founded on compact limestone. 

Gileppe dam in Belgium. 

This dam is 47 metres hi^h and holds up 45 metres of water. It is 85 metres long at base 
and 235 metres long at top, while the width at t(>p is 15 metres and at bottom 60 metres! The 
design is wery faulty. If it had been given a far slenderer section, the pressures on the base 
wjuld have been far less than what they are. When the reservoir is empty, the pressureon 
the upstream face is 10.3 kilograms per square centimetre. 

It is built on compact sandstone and cjnglomerate with the strata perfectly vertical' 
There are interix)se'.{ between the sand^tone and conglomerate strata of clay which would 
have endangered the stability of the dam if they hai been [horiz)ntal ur slightly inclin»l- 
Their vertical position renders them harmless. 
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IRRIGATION AND DAMS IN SPAIN 



The salty waters of tike Vinalopo stream, which onlain chalk and common salt, and Notes 
which would be hurtful to ordinary vegetation, are beneficial to palms, pomegranates, °° irrigation 

in Sp&in. 

carobs and olives. The irrigation is given every fortnight in summer. 

Rice culture, — The huerta of Jucar produces annuallv 60,000 acres of rice. The 
whole of this rice is transplanted. Some 5,000 acres of rice are sown about the middle of 
March and irrigated through April and May. At the end of May or beginning of June, the 
rice is transplanted into 60,000 acres of land and very heavily irrigated. It is reaped in the 
middle of September. The yield is heavy. By sowing in Egypt about the middle of May 
arid transplanting at the beginning of August, and irrigating the rice heavily through the 
flood, it might be possible to reap the crop at the end of October. If this could be done, the 
very difficult question ol' the water supply in the Berea would find a solution. 

It is found in Spain that canals which are specially' constructed for summer crops, of 
course also provide water for winter crops, and are a s )urce of profit beyond what they 
were originally constructed for. In the dry provinces of Spain, land which is provided with 
water all the year round is considered three times as valuable as land which depends on 
natural rainfall. 

The Almanza dam. 

The Almanza dam is the oldest in Spain. It was built shortly before 1586; at the i. o«naraL 
expense of the community benefiting from it. In a rainy year, it irrigate-s 35,000 acres, 
and 20,0(H> acres in a year of drought. The capacity of the reservoir is 3,000,000 cubic 
metres. 

The dam is 21 metres high, 2.90 metres wide at crest and 10.80 metres wide at base. 
In plan it is curved with a radius of 26 metres. 

The rock on which the dam is built iii a very compact and hard sandstone, very well .2. oeoiogioai. 
suited for a reservoir dam. 

The under sluice is l.SO^Xl-SO"*. It has not been used for 32 years. Up till then, it 5 ui^ier 

had kept the reservoir clear of deposit, but now there are 15 metres of deposit. siuio*. 

« 

i 

Alicante dam. 

Built between 1579 and 1594, it is in splendid working order to-day. The capacity 1. oenena. 
is 5,000,000 cubic metres. Some 16,000 acres of land are irrigated by it. The length 
is 9 metres at bottom and 58 metres at top. The width at base is 33.70 metres. The height 
is 42 metres. The designer and builder of this dam was Herreras, the architect of the 
Escurial palace. 

' The rock on which the dam is built is a very hard limestone of the Eucene formation. 2. o«oiogio«i. 
There is no leakage. 

The maximum pressure on the toe is 11.30 kilograms per square centimetre, while in 3 p^me 
very high floods it has risen to 16 kilograms per square centimetre. of the dam. 

-.115 — 
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[descriptions op existing reservoirs. 



5. Under 
•luic«. 



This it the typical Spanish undersluice. It is 2.70" X 180 metres at the upstream end 
and 5. 9" X 4.0" at the downstream end. The sluice acts perfectly and the reservoir is 
clear to-day. This is attributed to the narrow and steep section of the reservoir, which aids 
the water in scourring away the deposits. The dam should be cleared every 4th year if 
possible. It is generally done every lOth year. 



Elch6 dam. 

This dam built 300 years ago on compact limestcne, has a height of 23 metres and is in 
perfect order to-day. Owing to the undersluice njt having been used for 40 years, the 
reservoir has completely silted up. 

Old Puentes dam. 

This dam was onstructed in 1785/91, ami after working for 10 years it fell in 180?. The 
reservoir had a capacity of 53,000,000 cubic metres. The dam was 50 metres high, 11 metres 
wide at top and 46 metres wide at base. It was built on compact limestone rock generally, 
but on a length of some 20 metres it was built on shingle, into which piles had been driven. 
The water gradually found its way through the c impact shingle, and blew a hole under the 
dam 17 metres wide and 30 metres deep. 



1. General. 



Ne^r Puentes dam. 

In 1861 it was determined to reconstruct the dam, and again it was dedded to build it on 
the shingle on a wide base. The work was begun in 1881, but Mr. Franceso Prieto, the 
Engineer on charge, determined to take the foundation down to the solid rock, and having 
received official sanction, succeeded in his endeavours. 

The new dam is 48 metres high, and the depth of water is 46 metres. The width at top 
is 4 metres and at bottom 39 metres. The length at bottom is 27 metres and at top 80 metres. 
The plan is a decided curve. 

Before the living rock could be reached, the shingle had to be removed to a depth of 
24 metres on a width of 20 metres; it was the narrowness of this gorge which constituted 
the great difficulty, as room had to be found for pumps, for men to work, and for materials 
to be removed. The stream was, moreover, liable to heavy floods. 

As completed to-day the dam is 72 metres high. 



a. Geological. The rock on which the dam is built is a compact limestone. 



3. Profile The upstream face of the works is 1 metre of cement masonry. The downstream facp 

of the dam and f^j. 20 metres from the base upwards is made of ashlar from the old dam, and the rest of 

maeoDry. *■ 

ordinary dressed stone. The interior masonry is ordinary rubble in martar c:>mpared of :— 



6. Under 
sluice. 



— fat lime burnt on the spot 

— sand 

15 

— Portland cement 

15 



Moderately hydraulic. 



The scouring sluices consist of 3 separate tunnels, each 3.2" X 1«80". They are- 
regulated by iron gates worked by screw gear from the top of the dam. The sections of the 
sluices are contracted at the gates and are there bnly 2" X 1.25". The sills are 40 metres 
below water surface. The Italian engineers do not approve of the system (*). They would 



(1) See « Congres de rulilisalion deseaux fluvialesw, pages 7 el 8, Paris 1889. This reservoir had silled 
up 14 metres by 1889. 
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have preferred one big sluice with a Spanish door. As it frequently happens on these big 
dams, in 1887, an attempt to open one of the gates resulted in the breaking of the shaft. 

The reservoir has a capacity of 40,000,000 cubic metres and cost L. E. 150,000, though e. FinanciaL 
the estimate was L. E. 100,000. The water stored has cost L. E. 1 per 270 cubic metres. 

Villar dam. 

This dam was begun in 1869 and completed in 1876. It is circular in plan. The height i- General, 
is 48 metres and the depth of water is 45.5 metres. As there are 3 metres of foundation, the 
total height of the dam is 51 metres. The width at top is 5.2 metres and at base 46 metres. 
The reservoir contains 20,000,000 cubic metres of water. 

The dam is built on gneiss, of great hardness and compactness. 2. oeoiogioai. 

The dam is built of uncoursed rubble masonry with dressed stone faces. The mortar is 3 Maeonry. 
eom posed of 8 parts sand, 4 parts fat lime and 1 cement. 

There are two sluices. They have a section of l.OS square metre each, and are expected »• under 
to discharge 2) cubic metres per second. The sills are at a level of 45 metres below the water •*"**•• 
surface. Each opening has two gates worked by screw gearing. 

The dam cost L. E. 66,300 and as the capacity of the reservoir is 20,000,000 cubic metres, 7. Financial, 
the water has cost L. E. 1 per 300 metres. 



Numerous dams were under construction in 1888, among them the Hij&r dam. 43 metres 
high on a compact limestone foundation. There are other dams in Spain which the Engineers 
did not see, such as : — 

The Huesca dam, 20 metres high and 300 years old. 

Val del Inferno, 36 » and 100 » 

Nijar dam. 36 » and 40 » 

PontedellaOliva, 32 » and 40 » 



In summing up, the Italian Engineers lay great stress on 3 points : 

(1) The absolute necessity [of having a solid foundation on a rock free from any traces 
of clay. 

(2) The great strength given to a dam by making it curved in plan and not rectilinear. 



(3) Providing amply for the discbarge of the silt. 



W. WiLLGOCKS. 
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REPORT ON REGULATORS. 



The plates acconipanylng this Appendix have not been printed. 
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REPORT ON REGULATORS- 



\ 



I propose describing all the typical regalators seen by me in Europe and Egypt and 
certain typical Indian works. (*) 

The variety of existing works in Italy is very great and I have chosen those works Italian 
which seemed to me either original or goj I of Iheir kind. The Italian Engineers themselves ^^flf^***®**- 
had no preference fjr one kind over another as far as I ould make out. The regulating 
apparatus on the Bacchiglione escape and at the head of the Brentelle Canal seemed to me 
the must deserving of special attention. They are given on plate 4. At the latter regulator 
we have regulating apparatus of G metres span holding up 6 metres of water. 

In France there seemed to bs two systems whicli were specially patronised at the French 
present time and I have described them in plates 8 and 10. They are : (1) Poir6e frames with ^•ff'»^*or»- 
Boul^ shutters, and (2) suspended frames with Camere curtains. 

In England every system of regulation is overshadowed by Stoney's patent roller gates English 
of which I have given three examples in plates 11 and 12. Since then, Mr. Stoney has erected ^^cniiatora. 
the 20 metres wide gates at Richmond which I have seen but of which I have not sufficient 
details to enable me describe them fully. The gates will hold up 3.5 metres of water and in 
rising will turn round a quadrant and take up their position of rest in a horizontal plane. 

I have described the typical Egyptian regulators in plates 13 to 17. Egytian and 

Plates 18 to 24 contain drawings of the principal types of Indian regulators. As most of n^^^n. 

the dams iu India are solid submergible works, the necessity l)v regulation is more limited 

than in Egypt and Europe. 

Of all the regulating systems I have seen, I consider Stoney's patent roller gates as the stoney'a 
best. Their simplicity, ease of working, water tightness and freedom from all entanglements ^^^twT"**^ 
with floating rubbish render them eminently suited for regulating works in Egypt. For the ^« *>^*« 
openings in the reservoir dams on the Nile, they are the only gates which could be used on 
a scale necessary to discharge the Nile in full flood. 

The foundation in Europe are generally simple, as the subsoil is firm in all those places Foundation*, 
where the big regulators are situated. This makes the regulating works there comparatively 
cheap. As an example of a good regulating work built on treacherous quicksand, the Rayah 
Tewfiki Canal Head (plate 14) is to be recommended. 

I have drawn every regulating work to a scale of ~ so that a comparison may be easily ^^^^ 
made and the range of the works better understood. ° '^^ ^^*' 



(•) Df the Indian works, I liave seen only tlie Narora and Betwa weirs. The others are taken from 
Col. Mulins' ''Madras irrigation". 
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The f jll )wing list gives details of the works described : — 



g 



^*^ 

D 
7U 



1 

2 
3 
4 



5 
6 

7 
8 

10 
. 11 

12 



13 
14 
15 
16 
17 



18 
19 
20 
21 
22 



23 



NAME OF WORK 



Villoresi Caaal Head 

Saa Massimo Canal Head 

Padua ('aaal Head 

BacchiglLjne Escape Head 

hrentelle Cmal Head 

Padua Canal Regulator 

Veroaa Canal Head 

Limena undersluxi 

Suresnes Weir 

Poses Weir 

Belleeck Weir 

Manchester Ship Canal Regulator.. . 
» » » 

Gangara Regulator 

Tewfiki C-iuat Head 

Nile Barrage 

Kijghesha Escapo Regulator 

Menoufieh Canal Head 

Abu Shusha Escape Regulator..... 

Dowleshwerim Regulator 

Uobberlanka Regulator 

Tinnevelly Canal Head 

Khannadien » » 

Bet wa Canal Head 

» undersluices 

Narora » • 



MAXIMIM 



MAXIMLM 



DBITIl Ol' WATKN HEAD OK WATER 



IM KKrHB.S 



4.5 
5.8 
G.O 
0.0 
0.0 
4.5 
7.0 
2.2 
4.0 
5.0 
4.3 
5.5 
7.9 
0.3 
9.0 
4.5 
7.0 
9.0 
4.5 
0.2 
0.2 
5.3 
5.5 
11.0 
12.2 
4.0 



IM IIKTRR> 



4.0 
2.0 
2.0 



4^ • «l 



0.0 
2.5 
7.0 






3.3 
4.0 
4.3 



5.5 



7.'.) 
3.0 
4.0 
4.5 
4.0 
3.7 

 

3.0 
3.8 
3.8 
3.8 
3.6 
10.0 
8.4 
2.5 



WIDTH 



or Oi'EKIKO 



\\ MKTRK& 



1. 5 
0. 

7. 
6. 
0. 
5. 

2. 1 

8. 
72. 
33. 

8. 9 

9. 1 
9. 1 

3. 
5. 



COST I.N L.E. 

PKK rtilARE SETS 

WATER vl fiPAiK 
Tt» TUI' 

or gatc level 



28.3 
25.3 
2G.0 



8.3 
16.0 



5. 


28.5 

1 


a. a: 


•;j«.o 


4: 

 




3. 


^ .10 


1.8S 

1 


•^ v.: 


1.8a , 


 ? .•; J 


1.85 


. r •■ 


1. 4 




l.ffl 

« # 


::%^ 


1.83 




2.13 


«  



. ' • # 
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The following regulators have been described : — 

1 1. Villoresi Caoal Head Italy. Page 

2. San Massimo Regulator  • 

3. Padua Canal Head « » 

4. Bacchiglioae Escape and Grentelle Canal Head » *7i 

5. Padua Cinal Regulator » » 

6. Verona Canal Regulator Head » » 

7. Limena Weir (Jnderstuice » '  

8. Suresnes Weir on the Seine France. 

9. Pont aax. Anglais (needles) » 

10- Poses Weir > 

1 1 . Belleeck Weir Ireland . 

12. Manchester Ship Canal Kegulat jrs England. 

13. Gangara Rrgulator Egypt. 

14. Rayah Tewfiki Head » 

15. Barrage on the Nile » 

16. K')she>ha Escape Regulator u 

17. Rayah MenouSeh Headand Abu Sliusha Escape Regulator u 

18. I)owle.shwerdn Regulator India 

19. Bobberlanka Regulator » 

20. Tinnevelly Channel, » 

21. Khannadien Channel » 

22. Betwa Canal Head and Undersluices » 

23. Narora Weir Uuderaluices » 



9 

10 
13 



. 18 
, 19a 20 



Villoresi Canal Head and Regulator on the Ticino , near Milan ( Italy ) . 

These w irks were constructed by a pKvate ompany which had a concession from th^ 
Italian Govern ment to utilise the supply of the^River Ticino, leaving always 120 cubic metres 
per second in the bed of the river for canals with established rights. The works were begun 
ia January 188-.' and completed in April 1884. Thfi works consist of a solid weir across the 
. Ticino, of a r -gulating Head and Lock for the canal, and 500 metres bebw these again, of a 
second regula log head and lock and an escape back into the Ticino with a clear overfall for 
discharging nd measuring Ihe 120 cubic metres per second which have to be returned to the 
River. 



REPORT OS RECCLATOnS. 



The escape is a clear overEall orer a plank floir, and bv repeateJ experir.ieDt it has been 
found that the true formula f jr discharge i3 : Q = -^ x .G84 j/ t pa. 

At the site of the work, the water of the Ticina is {(uite clear as it has just issued from 
Lake Maggiare. The river is still a torreot with a shiagly and bjulder bed. The wh >le of the 
works are foanded on this cctirse shingle, which is hard and compact ; the foundations are 
therefore iaexpnnsive. 

The teraporar/ works cost L.E. 18,000 

The permanent traiaing wjrks » 18,000 

Head and Lock « 13.000 

Sjlidweir » 23,000 

and including contingencies, ths whole work cost only L.E. 88,000. 

The solid wair is 290 metres in length, 2-1 metres in width and hat its crest 4.75 metres 
above the bed of the river. The cross section is a double ogee. In flood, the dep'.b of water 
OR the crest is 2 75 metres. 

The weir is made of concrete faced with hammer dressed blocks of granite aboni 
.SO^X-SO^X-SO" with longitudinal and trassverse key blocks 2.l0"X-40"X.6O at intervals, 
along the crest of the weir. On the down stream ogee, the granite faceworkisof similar blocks 
laid between lines of diagonal key stones. fiO^deep; and at an angle 45' to the line of the war. 
These stones are clearly shown on plate 1. I saw the work in 1891 after seven floods bad 
passed over it and it was in the most perfect order. On the right bank of the river, the flank 
wall ha» been built as in the sketch and conse- 
quently there has been a tremendous whirlpool 
at A which has given great trouble. The cons- 
truction is now recognized as faulty^; it should 
have followed the dotted lines. All the pitching 
downstream of the regulator is packed inside 
galvanised wire ne»t('*chinfs") of a cylindrical 
form, three metres long by 2 metres dian^etre. 
The meshes are 16 centimetres square and Iha 
thickness of the wire 3 millimetres. Each wire 
net weighed 35 kilogrammes antl cc»t 92 piastres 
including cost of stone and putting into place. 

The pitching was excellent. I thought these wire, nets might be used in Egypt with advantage 
mstead of heavy blocks. 

TTie regulating head has a lenglh of 65.60 metres and a breadth of 7.00 metres. The 
maximum depth of water on the floor is 4. .W metres an-i the maximum head 2.00 metres, 
though the regulatm-iscapable of holding up 4.00 metres on anfimei^eaey. 

The depth (rffonndation, raisonry and concrete is 4.5 metreson the upstream side and 2.0 
on the downstream side, with a dowostraaaaproa of rubble pitching laid in morUr. Upstream 
of the regulator, i^aa 8 metre wide bslt of clay puddle overlaid by pitching in mortar. There 
are 15 arches of 3.40 metres span each, supported on piers one metre wide.3.1U metres high and 
5.0 metres long. The arches support a dead wall 4 metres high running along the entire 
lei^^th of the work. The top of this dead wall is the road way of the Bridge. The catwaters 
of lhepiersarel.30metpealongande:>ntain two pairsof grooves. Each opening of 3.40 
metres width issubdivided intj2openingsof 1.50 metreseach by a wall two metres long, 
.40 metres wide and 3. 10 metres high. These dwarf walls support arches and their Ihin cut- 
waters have grooves. The sluices are 1.50 metres wide and 3.00 metres high, and there ar« 
30 of them. 

The regulation is perform^ by means of wooden gales moving verlically iu the down- 
stream grooves and put in motion by screw lifting apparatus worked from the roadway level 
of the bridge. The gates are of oak and 12 centimetres thick. 

The regulator has worked perfectly ever siuce it was constructed and is a handsome 
workmanlike looking slructure. 
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Regulator on the Taglio San Massimo at Padua (Italy). 

This is a small regulator with one 6.00 metre wile opening. The maximum depth of Pi^te 2. 
water on the upstream side is 5.80 metres and the maximum head is 2.00 metres. The 
ordinary head of water in high supply is 1.40 metres. The method of regulation is novel 
rather than worthy of imitation. The work cost L. E. 2,400. 

An ordinary crane is fixed on one of the abutments and is employed for lowering and 
raising the horizontal sleepers which are heavy iron I girders, 6.40 metres in length and 
•30 metre in width. The girders are provided with catches at either end. The" fisher " is a 
light lattice girder of the same length as the sleepers, and is provided with revolving clips 
for embracing the catches at either end of the sleepers. If, for instance, a sleeper has to be 
lowered, the crane raises the fisher and laj's it on one of the loose sleepers lying on the 
abutment. As soon as the fisher rests on the sleeper, the clips revolve a quarter of a circle and 
embrace the catches of the sleepers. The crane then lifts the sleeper and lowers it gradually 
into thegroove. As soon as the sleeper rests on the floor or on another sleeper, the clip revolves 
another quarter of a circle and the fisher is freed from the sleeper and can be raised leaving 
the sleeper in its place. If, f Tr instance, the sleeper has to be raised, the crane raises the 
fisher and lets it descend between the grooves. As soon as the fisher rests on the sleeper, the 
clip revolves and embraces the sleeper, and the sleeper can then be raised. All details 
of the revolving clip are given in plate 2. 

I do not think the system a good one, as the fisher has sometimes been prevented from 
descending to its full depth by the force of the current. The system adopted at the Brentelle 
Kud'Cpfate 4) is, I think, infinitely better. 






' ' Regulatings Head to the Padua Canal. (Canale Maestro) (Italy). 

• • •  •   .. • I . 

^ The regulating apparatus is riot often used as the Canal is generally open. The regulator piat* 3. 
\i0A S openings of 7 metres width each. The maximum deprth of water on the upstream 
side is 6 metres, and the maximum head 2 metres. The fiaor is 20 metres wide and 2 metres 
deep supported on piles. The work is built on good stiff earth. » 

The regulation is performed by cast iron verticals 6.50' metres long X :085" X .076*, 
tongued and grooved along their vertical faces which are in contact. These verticals are 
supported only at the top and bottom, but can be lowered through any depth of water as they 
are tongued and grooved. 

The verticals are raised and lowered by means of a crab travelling on rails on a raised 
platform. 

I do not consider the system worthy of imitation ; the verticals are very massive and 
un manageable compared with the work they are called on to perform. 



Bacchiglione Escape Head near Padua (Italy). 

This escape is just above Padua and, on its quick and certain opening in case of a sudden pute 4. 
flood, depends the safety of the town. If any accident happened to the regulating apparatus 
and the escape could not be opened part of the t)wn of Padua would be put under water. 
The regulating apparatus of this escape is such as to insure certain and speedy opening. 

The floor platform is 21 metres long, 18 metres wide and 2 metres thick, founded on 
piles. The downstream apron is heavily pitched and provided with strong cribwork. 

The downstream slopes and apron are maintained in perfect order. Indeed the perfect 
maintenance of the pitching, in all works I saw in Italy, struck me very forcibly whereever 
I went. 
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There* are three openings of 6 metres width each, with 1.50 metre wide piers between. 

The maximum depth of water on the upstream side is G metres and the ordinary head 2.50. 
Thecutwaters of the piers arepr.)vifled with (l)ublegr>ovos, of which the upstream grooves 
are f >r safety, and in the lower grooves the regulati )n is performed by cast iron sleepers 
I in shape, and .W^X.^O™ in outside measurement. The sleepers are raised and lowered by 
means of chains attached to the girders and worked by travelling crabs on a platform at the 
roadway level. Each opening has a traveller. This traveller, as it lifts each sleeper alwve the 
level of the platfjrm, travels t> the end of the platform and then deposits the sleeper on the 
floor. It then returns to its position ab)ve the grjoves and is ready to raise another sleeper. 
The sleepers are provided with r )llers at either end .so as tj ensure their not sticking longi- 
tudinally in the grooves. The chains are left permanently attichefl t) the sleepers si that, at 
the time of opening, the sleepers might be readily and without fail taken out. These chains 
jangle against eaah other a great deal when in the water and the wear and tear in consider- 
able. They are renewed every four years, which seems expensive ; but Mr. Ponti, the 
Chief Engineer who has practically designed all the impjrtant works in the Padua district, 
considers it better to pay this sum and ran no risks than to have the least uncertainty alput 
the opening of so important an escape. 



Reg^ating Head Brentelle Canal (Italy). 

This Canal takes water from the Brenta and feeds the Bacchiglione Canal. During 
sudden floods it becomes necessary to close this regulator with great rapidity, and on its 
Certain closing the safety of Padua depends. The conditions which prevail here are exactly 
the oppjsite of those which prevail at the head of the Bacchiglione Escape. 

The regulator has one opening G metres wide. The maximum depth of water is G metres 
and in flood the regulator holds up G metres of water. The regulation is performed by 
sleepers or girders 6.80 metres in length of the same section as at the escape head. There 
are no chains attaclied to the sleepers; but the sleepers are clips at either end as shown in 
the perspective drawings attached to plate 4. The sleepers are raiseil and lowered by means 
of fishers attached to chains worked by a travelling crab. The fishers keep inside the grooves 
and clip the girders in a manner similar to that described for San Massimo Regulator. Plate 4 
contains details of girders, clips and fishers. These fishers are of various patterns ; the one 
used at the Breiitelle Head is the one prefrirred by Mr. Ponti; it is given in plate 4 and I 
have a very good moded of it in my office. These fishers and clips can be depended on to 
lower the girders with certainty, and clo^e the regulator ; |for opening the regulator, they 
are n )t quite so sure as tlio attached chains, and it is on this account they have not yet been 
tried at the Bacchiglione Escap(3 Head, though Mr. Ponti told me he intended employing 
them shortly. 



Regulator on the Bacchiglione Canal in Padua (Italy). 

pictas. Ill the very heart of Padua there is a regulator on the Bacchiglione Canal which has 

some novel features. Mr. Ponti has here triod three sj^stoms of regulation side by side. 

Each of the openings is 5 metres wide. The upstream depth of water is 4.50 metres and 
the maximum downstream 2.0 metres, so that the maximum head is 2.50 metres. 

Plate 5 gives details of the three systems. 

Twooi)enings have a similar method of regulation. In each of these openings, the regu- 
laticn is pprf)rmed by an iron gate 4.75 metres high, raised and lowered by two screws, one 
near each groove. The upper ends of the screws w^ork in a massive overhead iron girder 
supported by massive iron standards. The power to turn the screws is supplied by handles 
worked by hand at the bridge roadway level. 
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One opening has its regulation performed by two* horizontal iron gates ; the lower gate 
is 2 metres high and the upi)er is 3 metres high. To the lower gate is attached a rack 
worked by a pinion at the roadway level. The upper gate has 4 catches at a level of 1 metre 
above its bottom. When the lower gate is raised, it rises one metre in height by itself, it 
then catches the upper gate and both lise together. 

A fourth opening is regulated by means of an iron gate 4.75 metres in height, and 
worked by 3 racks, one near either groove and one in the middle. 



Head and tail regulators of the Verona Industrial Canal (Italy). 

This canal has been constructed by a private Company in order tj obtain pjwer to work pute e. 
cotton and other millsat Verona. The Adige as it winds through Verona has a very rapid fall. 
By taking a straight canal from the upstream side of the town anddrv)pping it into the river 
on the downstream bide, a head of 9 clear metres at all stages of the river has been obtained 
and with a uniform discharge of 26.50 metres per second a H. P. of 3000 is guaranteed. 

At tlie take off of the canal, a bar has been thrown across the Adige, which is here a 
torrent running on a shingly bed. The bar consists of 2 rows of sheet piling 120 metres in 
length, 3 metres wide and just abjve low summer level. The s{)ace between the piles is 
filled in with boulders and pebbles. The regulating head is 140 inetres down the canal. 

The length of the platform of the head regulator is 2.45 metres, made up of 9 openings, 
each 2.10 metres wide, with piers .70 metres wide between. The piers are 1.60 metres high 
and support arches carrying a dead wall 2.50 metres wide and 6.20 metres high. The cut- 
waters of the piers are provided with grooves in which move wooden regulating gates 
worked by screw lifting gear. These are on the upstream side of the dead wall. On the 
downstream fcide of the wall, the openings are regulated by iron gates 2.18 metres wide and 
1.90 metres high shaped like the arc of a circle and supported by iron rods radiating from 
the arc to the centre, where they are attached to iron ollars working round cast iron 
pivots embedded in the masonry of the piers. These circular gates are raised and lowered by 
chains worked by a hand winch at the roadway level. One gate is practically a safety gate 
to the other. 

The ordinary maximum head of water on the regulators is 7 metres, so that the regulat- 
ing apparatus is well strained though the openings are small. 

The work is founded on stiff shingle which affords a splendid foundation. It is on thig 
account that the thicknes of masonry of the floor is so insignificant. 

The tail regulator has a total head of 9 metres of water, but it is broken into 5 falls by 
masonry steps. The regulating apparatus is called on to hold up 2 metres of water only. The 
work is almost exactly similar to the head regulator. Ifesides the two systems of regulation, 
it is also provided with self regulating apparatus for maintaining a perfectly constant head of 
water above the tail regulator in that reach of the canal from which the water is taken off 
to work the turbines. 



Tiimena 'wear undersluices on the Brenta river (Italy). 

Just downstream of the head cfBren telle canal, there is a weir and lock on the Brenta. piate 7. 

The work consists: — of a solid weir raised 3.20 metres above the bed of the river and 
48 metres in length, of an undersluice 8 metres wide with its floor 1 metre above the bed of 
the river, and of a lock 6 metres wide with its floor at bed level. 

The maximum depth of water in flood is 4 metres above the crest of the weir. 

The weir is 2.25 metres wide at crest and 13 metres wide at base, nearly vertical on the 
upstream side and with a slope oi-^ on the downstream side. 

•I 
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The uiistPtiarn edge of thn weir is built on rect- 

ciagular wells each 4 nietr»s X !• metres in extern il ; ^ — . 

ineasiirenii»nt with three tie walls thus : - -=*' I i | 

The lii» walls are .00 inf^trcs tliick, anfl tlu^ d.'plh H- IJ 

of the wells is 4 metres. The s )il is a hard clav. 

Djwnstn>am of the weir, there are 20 metres width of pitching overlaid by masonry 
blocks of sizes varying fri)m 2'"X:2'">;1'" to 2'"X-'"X.50'". 

Ui»slream of the weir, there is a slopin^ir apr >n of c jncrete 2'">'/2'". 

The upstream pl;Ufjrm at the und »rslui(!es is 10 metres Ijng and 2 metres deep. 

The waler, as it leaves the undersluice. has such exceedingly great velocity that it 
quite deprives to lock of any |M)ssibilily of b4ng us'mI for navigati in and cjnsequently I 
consider the arrangement faulty and no-, deserving of being imitaliMl. 

The acli )n of the water over the weir is severe, but I he slopes have been splendidly 
pitched f,>r 20'^ metres in length on riliier side, and the regulator is in splendid working order. 

The r.'gulation at the undersluio is p^rf>rmed in the manner described in Part I of the 
Report*. This opening is bigger than tins:; describeil, but the principle is exactly the same. 
The verticals arv 2.5(J^X.10™X.10'". 

This work cost L. E. 30,0'X) in all. 



Suresnes Weir on the River Seine (France). 

Plata 8. This W)rk came into operati^m in April lvS85. Itonsists of three separate weirs and 

tw » 1 >cks. The locks are on the left bank. Beginning at the right flank, there is first the weir 
proi>er 02 mtdres in length, thon an islan<l, then the escape 62 metres in length, then 
another island, then the navigable i^iss 72 metres in length, and finally the locks. The two 
locks are lf}0'"Xl2"' and 60"'>.8.2'" respectively. 

The tliree passns are closed by Poiree frames and gates so that, in high flood, the frames 
are lowered on the floors which are near the bed level of the river and the river i>asses freely 
without any (d}structi(m of any kind. 

Tlie fl »ors are not on the same level, but the downstream fl(X)r is always 1.00 paetre 
lownr than the upstream floor, and the maximum head of water is 3.30. The depths of water 
iluring regulation are as f )I1 >ws : — 

The w(ir Ui)slream 4.10 Downstream 1,80 

Th^* Esciii)e » 4.10 » 1.80 

The Navigable pass » 4.60 » 2.30 

The escajR* is used f >r ordinarj- regulation. 

As tlie navigable pass has the lowest floor, it alone will be considered here and alone is 
given on plate 8. 

Referring to the cross section, it will b;^ seen that the floor proper is 15 metres wideand 
4.5 metres deep, founded on stitf clay, the upstream apron is 7 metres wide and consists 
of 3 metres thickness of clay overlaid by 1.50 metres of masonry. The floor upstream of the 
frames is raised one metre and falls g*^nlly to the level of the floor on which the frames rest 
when they are down. This is the arrangement which, after years of trial and experiment, 
Jias been f>und t > b* the very best to prevent the clogging of the frames with silt when they 
are h'ingon the floor. 

The downstream apron is 10 metres in length. 

The moveable parts of the weir consist of Poiree frames and apparatus for regulation. 

Frames. — There are 57 frames 1.25 metres apart centre to centre. These frames are 
braced girders of wrought iron, 2.30 metres wide at top, 4.0 metres wide at bottom and 
6.0 metres high, supporting a platfjrm carrying rails. The frames are attached at their 

• Not priiiled. 
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btttoms to pivots turning In piv,3t bljcks strongly belted ti the floor. These pivots act like 
hinges, and the frames can h?. rals^^d by a c'lain attached to their top either into a vertical 
position or lowered horizsntally on the fl y ir, by means of a powerful crab fixed to one of the 
abutments. When once the frames are raised and arc in a vertical positim, they are maiJe 
light by tie bars of iron, the rails are cinnected, aud the regulating apparatns is quickly 
transported from the banks, and th:i 1.25 metres wide opanings between them are ci )3ed by 
means of shutters or curtains whichever the engineer happens t.) prefer. At the piesent time, 
both are being worked side by side t) see wliich gives the b:>st result*. The curtains will be 
described when plats 9 and the Poses weir are bsin? cjasidere<i. Under the Siire-nes weir 
head the BjuI^ shutters only will bs cmsidered, as tlie engineers of the Sure^nes weir prefer 
the Boul6 shutters to the Camer6 curtains. The Uoul^ shuttera are woaden panels 1.25" X l-O" 
which slide up and down the 
upstream faces of the frames 
and close the openings b,> 
tween the frames. The frames 
are J. in shape on their uj)- 
stream faces, and so the 
shutters are kept in position 
by the force of the water 
pressing them against the 
frames, the J. shapad frames 

preventing them from moving horizontally. These panels are raised and lowered by means 
of a travelling crab with a ratchet bar. The BjulS sh .liters are exceedingly simple and 
work well. 

The frames and shutters and general arrangement hokomplicateil, but they work well 
and simply, there being a rec^iss in one abutment and an ingenious arrangement fir housing 
the end frames when they lie down. 

The frames can be lowered in three hours and raised in five hours. As the pivots of 
necessity must have some play in the pivot blocks, tlie fram*^ can never come into one 
straight line exactly and the leakage is not inconsiderable. I ought tj aid here that the 
leakage is principally owing to the large numb;^r of Giimeri curtains empln'ed. The BouW 
shutters make a far more complete closure than the curtains can. In moving down the 
frames also, the shutters push all tlie rubbish sticking to the frames more or less ojtof 
the way ; while the curtains can do nothing to remove the rubbish, they simple unfold them- 
selves over it and make a poor closure when there is much rubbish. No complete closur,* 
of a river could be attempted on this system and even on the Seine where they pass a 
minimum discharge of 45 cubic metres pir second, thej' need considerable adrlitii>n8 in the 
shape of cover pieces to keep up the watur to the desired height. Besides this, the Seine is 
wonderfully clear of rubMsh fl lating down, but on the Nile or Egyptian Canals where the 
amount of dura stalk and rubbish which floats down the current is always con:*iderable, 
the frames would soon be completely buried under rubbish ami regulation would b:j very 
diflicuit indeed. 

If anything were to go wrong with the pivots or pivot blocks which are always buried 
under water, it might take considerable time to set It right. 

But the whole system of regulation is an anachronism. In old days, they held up only a 
very moderate amount of water on the weirs, and then the navigable jiass was often o))en 
and boats went up and down without any stoppage at the weir. Now however the head of 
water held up is very considerable, there is scarcely ever water enough in the river to 
dispense with the regulation and the boatmen on the Seine openly say that, if the lock walls 
and lock gates bad been made sufficiently high to permit of their being used in flood, it 
would have been much better than the present arrangement. The navigable losses are of no 
use really. Large openings are needed, not fjr the passage of boats, but for the jiassage of ice 
when the Seine is frozen. 
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Each frami! of th(> navigable pass cost L.E- CO and Ihc. tifs and additions L.E. 8 per frame. 
The frame work therefore cost L.tl. 56 per running metre. 

The moveable regulating apparatus consisting of shutters, travellers, etc., c)st L.E. 74 
per running metre or { — ) L.E. 16 per square metre of submerged area. 

The total regulating apparatus of frames and shutters, etc., cwt L.E. ^^ or L.E. 28.2 
per square metre of submerged area. 

The masonry of the floor cost L.E, 400 |»er running metre. 
The total ost of the weir was theref )re : — 

Masonry floor L.E. 400 per running metre. 

Moveable frames > 56 » • 

Regalating apparatus •» 74  n 

L.E. 530 p:>r rjnning metre. 

This sum does not include the charges of river training. 
The following information might be useful : — 

In the navigable pass, there were 7,365 cubic metres of masinrv, including ashlar, this 
cost L.E. 28,669 or L.E. 3.0 )ier cubic melre for mas mry in place in the foundation. 

Pont aux Anglais Weir on the Seine, (S. of Paris). 

piau s. This weir, like that at Suresnes, is provided with Poiree frames, but the regulating 

apparatus on the weir and the navigable pass is much more ompUcated. The s,v9teu of 
regulation is known as the Chanoine system ; a water tight closure with this system would 
be an absolute im[X)ssibiltty ; while, in addition, a great ]iart of the regulating apiiaratm 
as well as the Poirie frames are [>ermanently bebw water level. The system has been 
practically condemned in France itself, as it is no longer a comitetitor by the side of the 
works of which Suresnes and Po.'ies ara examples. At the Pont aux Anglais weir, however, 
the escape has a ileptli of water on the H )or of 3.30 metres and rs clased by wooleQ needles 
3.50X. 08 V.08 as given in detail on plate 9. 

The bottoms of the verticals rest against a sili on the fljor, whilst the upper ends rest 
agalns* a horizontal bar fixed t > the Poiree frames. 

The needles are provided with ir.in hooks at their upper 
ends. Those hooks are of the shajie shown in the figure. 
They iiermit of the needles, not only being su piiortwl by the 
horizxintal bar at their up[ierends, butalsDof being able to 
revolve round it when the lower end is freed from the sill. 

As a rule, an ordinary lever isapplied to the projection 
B and the needle rais:^d slightly alwve the sill, the firceof 
the water immediately makes it fly round the bar A and 
rest on the water. It is r.!movetI liy hand. In case of dilfl- 
culty or emergency, the machine shown on plate 9 is run 

on to the site of the vertical and the vertical is raised by it. The guardian h )wewer loM m 
that it was seldom necessary to use the machine, as he easily handled the oeedlea uiHier 
every ci)ndition of discharge. 



The Poses Weir on the Seine near Rouen (^ance). 

This weir was jiut into 0[ierati<)n in September 1885. 

The weir is situated on the main branch of the river at tlie downstream end of an island 
two kilometres in length, while there are three locks and a small weir situated on the 
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smaller branch of the river. The locks are 120"X12'»X1".6, Ul'-XlS-XS^.S & 42™X8X3".2 
(the third item is always the depth of water on the sill). 

The weir is 244 metres in length made up ofthree deep openings of28.2 metres width each, 
two escape openings of 28.2 metres width each, and two navigable openings of 32'".5 and30"".5 
metres width respectively. Between the openings are piers of 4 metres width each. The depth 
of water on the upstream side of sills of the deep and navigable openings is 5.0 metres and 
on the downstream side 1.0 metre, or a maximum head of water of 4 metres. The maximum 
flood level of the river is 6. 3 metres above the floor of the navigable passes. 

As at Suresnes, the navigable pass alone will be described. 

Referring to the plan, it will be seen that the floor is 13 metres in width andS.S metres 
in depth resting on compact chalk, with an inconsiderable amount of pitching up and down- 
stream. The floor is at about the bed level of the river. 

The piers are 4 metres wide and 23 m3tres long at base and 21.5 metres long at top ; they 
are 12.5 metres high at the roadwaj^ level and 16 metres high at the cutwaters. They are made 
massive as ihey have to stand the horizontal thrust ofthe water held up at the large openings. 

The piers support two iron girder bridges. The lower bridge consists of two main lattice 
girders 3 metres deep and 3.50 metres apart supporting a roadway and carrying the|iron bar 
on which the frames are hinged. The upper bridge is 7.50 metres wide and is raised 1.0 metre 
above the lower bridge. The upstream girder of the lower bridge is the downstream girder 
of the upper bridge, while the other girder has the same dimensions. The upper bridge carries 
two lines of rails on which run the travellers which lift frames out of the river. To this 
bridge also are attached hooks for catching and retaining the frames in a horizontal position, 
s«> as to leave a clear waterway for navigation when th^ weir is open. 

Each frame, of which there are 13 in the smaller navigable pass and 14 in the larger, 
consists of 4 iron girders 11.5 metres in length, braced together so as to form a single frame 
occupying 2.32 metres in length of the horizontal bar to which they are hinged. At about 
high flood level, the frames support hinged cantilevers carrying a line of railway on which 
run the travelling crabs for winding and unwinding the curtains by which regulation is 
performed between the frames. When the frames have to be raised, the cantilevers lie flat 
against the frames, and frames, cantilevers and curtains rise together and are hooked on to 
the upper bridge. The free i)assage allowed for navigation between the frames, in their 
horizontal position, and the high water level is 4.50 metres. When regulation is necessary, 
the frames are lowered into position and rest against the sills. They are made truly vertical 
1^ driving small wooden wedges between the difierent frames along the cantilever roadway. 
Tho ttlls are made of iron and are imbedded in the masonry of the floor. 

The curtains are 5.50 metres in length and 2.30 metres in width and consist of horizontal. 
pieces jof pine wood,. 078x. 078 in section ot the bottom and decreasing gradually to the top,- 
hinifed together at their upstream side. A chain passes round the curtain and enables it to 
keLraised.and lowerd by means of a crab. The leakage through the curtain is inconsiderable 
after it has been some time in the water, but it is almost impossible to get two c irtains to 
esaiQiljCoucheach other as they are unrolledagainsta head of water.and if any rubbish collects 
Ugainst. the frames and cannot be removed, the curtains get displaced and allow considerable 
leakage. I know at Poses they have the very greatest difficulty t) maintain the required 
head when the Seine is running its summer supply, and they have to use cover curtains and 
other expedients. In Egypt, where the canals are full of rubbish and dura, it would be 
absolutely impossible t) keep the frames clear of rubbish so as to allow the curtains to roll 
over them. At Poses, there are 220 metres in length of opening with a 4 metre head and 45 
cubic metres per sec jnd as the minimum discharge while, at the Barrage in Egypt, we have 
610 metres in length of opening with a 4 metre head and do not pass — *- of a cubic metre per 
second in summer. 

The remarks made on the subject of the Navigable pa?s at Suresnes apply with greater 
force to Poses. Owing to the position of the locks on a separate channel and the small weir 
between them, it is impossible to use the locks in flood and the current through the navigable 
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pass of the main weir is s ) str mg that if a tug is t )\ving up four barges, it has t ) leave three 
and talce up oiio at a time, which is gn aier waste (»f time than locking them at once. If the 
navigation canal was a sh )rt ond, the little weir might be (lis|)ense(l with and then th^ boats 
would ba indepcn lent of the navigable pas.*.-. 

The great a Ivantage enj >yed by the B^es system over that at Suresnes is its greater 
power of being employed f )r great depths, and the p isition of the hinges of the frames which 
are alvays ab>ve water levcd instead of below it as at Suresnes. 

The Masonry flo^r ost L.E. 343 \ie^ running metre of opening. 

The piers ost *. » 17 > » v » 

Tjtal 513 » w » 

The girder brilgesc^st.... L.E. 75 per raniiing metre of opening. 

The frames » 35 » » » 

The curtains » 13 w » » (•) 

The machinery » 5 » » » 

L. E. 12X or L .E. 25.3 p.»r square metre of water surface. 

As the mas)nry c )st L.E. 513 per running metre, including the pier, the navigable pass 
cost L.E. 641 per running metre. 

I consider Poses the best weir I saw in Fiance*. Though complicated it works easily and 
is wonderfully complete in its <letails. 

Belleeck "weir on the Lough Erne outlet (Lreland). 

Plate 11. / The weir onslsfs of f)ur openings of S.90 metres widtli each, with piers 2.40 metres 
wide. The depth of.water is 4.35 metres and the maxiiiiam head 4.35 metres. The weir is 
fbttudedon very solid limestone rock. The piei*s are 13 8 metres long and 2.40 metres broad 
for a height of 5 metres ab >ve the sills ; on the^e piers are erected masonry towers 2.4 metres 
wide ami 2.7 metres long to supi)ort the light lattice bridges which carry the lifting gear and 
provide a fojtwayand space for working the sluices by hand ix)wer. 

The regulati m is performed bv Stjney's patent gates. The main principle of these 
sluice gates is the reduction of fricti)n by p itting a train of live rollers between the moving 
surfaces. Each roller frame is kept in p »iti )n bv a chain fasteu'^d at one end to the girder 
bridge over the opening, passing under a pulley fixed t ) the t >pof the frame, and then attached 
at the other end to the top of the gate. The gale in moving confers on the roller frame a 
velocity equal to half.its own rate of m >tion. At Belleixk, the lifting of the gate is done by 
twOf 10 centimetre double threaded screws of 5 centimetres pitch ; there is a screw at either 
end of the gate, working in a nut fixed in the gate itself. The gearing is so arranged that 
each gate may be lifted by one man, who takes 15 minutes t > rai.so a gate 3 metres. The 
motion is as easy when the gates are holding up the full head of water as when they are ia 
thie air. Each gate weighs 13,030 kilograms, and there is n j ounter weight. 

The maximum pressure on a gate is 86 tons, and as I hail found by experiment at Ipswich 
that the pressure needed tostart one of these gates was only about — of the weight, I was not 
surprised that the water pressure was really insignificant compared to the weight of the gate. 

The staunching at each vertical edge is done by a 5 centimetre turned bar, which 
hangs freely from the gate in a V groove, one side of which is formed by a planed casting 
fixed to the pier, and the other by a similar ca-^ting on the gate, oming within 1 centimetre 
of each other at the angle of the y. 

Each opening cost L.E. 1000 exclusive of the masonry, so that the regulating apparatas 
cost (7^^x17 ^V ^'^* '^^ P®^ square metre or L.E 112 per running metre. 

The gates were completed in 1884 and have worked perfectly ever since. Each sluice 
can be made absolu-tely water tight when desired. 

(♦) Or L.E. 2.5 per s(funre metro. 

— I.?2 — 
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Lock regulator sluices and Weaver sluices on the Mimchester Ship Canal (Eng'Iand). 

The Weaver aluicea consist of some 14 opening of 9.10 metres widlli each ■with pteM of 2.80 
metres width. The depth of water is R.50 metres and that also is the maximum theoretical head. 

The works here are suhjected to the action of a very heavy sua. The f tundatioas are of 
no interest as g.>od sandstone is met with almost immediately. 

The piers are 11.50 metres long and 6.10 metres high, with towers 5.30 metres lung ami 
5.10 metres high to carry the regulating apparatus and to allow of the Iiuueing of the gates 
when the regulator is open. 

The regulation is performed by Stoney's patent roller gates. The sill are of iron but niit 
brought to a sharp point as ordinarily, fjr the ijates hava been d;isigned capable of holding 
np water on either side. * 

The towers support light girder-bridges, with the girders 1.30 metres deep and .^.20 
metres apart, supporting roadways which carry the puller's for the caunterpiises and the 
winches for raising and lowering the gates. 

The gates are constructefi of steel and consist of the ordinary arrangement of girders 
vith sheeting on oneside. The gatesare perfectiv balanced byounterpoises by meansoffjnr 
wire ropes passing over two pulleys, one at either end of each gatw. The winches for putt- 
ing the gates in mjlionareat themidilles 
of the bridges and are worked by hand. 

The-grooves have planed J. shapod 
girders firmly fixed to their downstream 
faces as saddle bed plates. The saddles 
are of the same width as the length of 
the rollers and insure the rollers being 
al ways in touch along their whole 
length b:)th with the gates and bearing 
surfaces of th« saddles which transmit 

the pressures to the pierj. The roller frames ars supinrl-l in iii rt-i- i>i:iiiit ai Mi m- 
are supported at Delleeck. 

The maximum pressure of water on one gale 

will be (10X5.5X^)~ ^^ ^^^^' ^"'^ *^ """ 
coefficient of fl'iction is -^, the force needed to 
move the gate against the pressure of the water 
will be 2 tons or 30tXt kilograms. 

The gates are made water tight by djuble L 
irons fixed to the upstream ends of the grooves and 
resting against the gates. 

The lock Regutator or liyetoash sluices. — These reguht >r..ia iiveeaci \.wm .>[iciiiiigs 
of 9.10 metres width each, with piers 3 metres wide. The foundations are on gjxl andsloue. 

The maximum depth of water and tie maximum head p>ssibl  is T.OJ ra :\.v.'.s. 

The piers are 13.2 metres long and 9 mntres high, with t)wers 5.5 metp,!3 fjng and 6 
metres high f)r the regulating apparatus and a:i>wing of the housing of tae gdtes when 
the regulator is open. 

The other details of this regulator are f-imilar to those of the Weaver sluic s except that 
the bridges are 3 metres wide and 10.5 metres above fliwr level. 

The sills are of wrought iron and ara brought t > a sharp | oiiit projectiiig well abjve t'i« 
floor to insure their being always clear of rabb sh. 

The maximum pressure which will ever cone on any one of these gates will be 
(lOX7.9x'-j^) = 300 tons approximately. The rasistance to be overcome in raising 
the gales will be ( '^ ) = about 4 tons or ■lOCO kilOj-rams. 
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Gangara Reg^ator on the Rayah Tewfiki Canal (Egjrpt). 



t3 Plate. The Gangara regulator is the first ordinary regulator on the Rayah Tewfiki and consists 

of a regulator and lock c )mbined. The lock is 50*" X 8"". 

The regulator has 6 openings of 3 metres width each with piers 1.40 metres wide. 

The maximum depth of water is G.30 metres and the maximum head 3.0 metres. It is 
built on good stiff clay. 

The width of the floor is 10 metres and the depth 1.75 metres. The piers are 11 metres 
long and 6 metres high and support a roadway on their downstream side. On the upstream 
side they support towers .80 metres X 1.40 metres and 2.25 metres high, which carry a 
girder, while the upstream parapet of the bridge is raised t> the same level as the girder. 
The upstream parapet and the t)wers carry a line of railway on which moves the travelling 
crab which works the gates. When not needed f.)r regulatirm, the gates are housed between 
the towers and the. upstream parapet. 

The grooves are double and of cast iron. 
' The regulation -of each opening U performed by two gates moving in the 
rrro^ves. The lower gate is 1.00 metre high and the upper gate 3.00 metres high. 
The gates are made of wrought iron with the ordinary arrangement of girder and 
sheeting on one side. The lower gate is lowered and raised by means of suspension rods 
which rest in the grooves when the gate is down. The upper gate is raised and lowered by 
means of chains. The traveller is an ordinary winch on a carriage. 

This regulator cost L.E. 16.867 and began working in 1889. The amount of iron work 
in each opening is —wrought iron 18,000 kilograms and cast iron 9,000 kilograms. The gates 
and over head platform of each opening cost L.E. 82f . 

The cost per running metre of floor is L.E. 42. 

The cost of regulating apparatus per running meire of fl(3or is L.E. 34. 

The regulating apparatus cost L.E. 8.25 per square metre of sluice gate. 




Rayah Teivfiki Caoial Head Reg^ator (Egypt). 

14 Plate. This regulator is at the head of the Rayah Tewfiki Canal where it takes off the miin 

Nile. It was designed and built by Col. Western and Mr. Reid and opened in 1889. 

The soil is a very light sand full of powerful springs ; a worse soil could scarcely be foand 
anywhere for a work of this kind. 

The work consists of 6 openings of 5 metres width each, with piers two metres wide. 
On the left hand is a lock SO'" y^ 8 —"'. 

The maximum depth of water is 9 metres and the maximum head 4 metres in flood, so 
that this regulator is a pood type of a heavily strained work on a bad foundation. 

The floor proper is 24 metres in width and 2.5 metres in depth with an upstream masonry 
apron 22 metres wide and 1.50 metres deep and a downstream masonry apron 10 metres 
wide and 1.5 metres deep. There are 10 metres width of pitching upstream and 20 metres ia 
width downstream of the aprons. The piers and abutments and lockwalls are founded oa 
circular wells of 2.5 and 3.5 outride diametres respectively. These wells go down to a depth 
of 6 metres below the level of the top of the floor. 

At a distance of 14 metres upstream of the floor pr.)p(»r and again at a distance of 7.5 
metres downstream of the floor are rows of rectangular wells 3.5™ X 2.5" in outside 
meiisurement which descend to a depth rf G metres below the level of the top of the floor. 
The wells are 0.30 metres apart and the spaces between are piled off and filled with quick 
setting concrete, so that these two rows of wells are like two solid curtains. The upstream 
curtain keeps off springs and the downstream curtain protects the work from scjar. The 
wells were sunk by Bull's patent dredgers after the ordinary Indian method. 
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The piers are 15.5 metres in length at bottom and 9.5 matres high. They support a 
roadway 11 metres abavfe floor level. Upsti'eaiit of the Bridge, the piers support towera 
1.60x2.60 and 2 metres high, which carry a girder. The tjp of the girder and tjie top of 
the upstream parapet of the Bridge are atone level. They carry a line of railway on which 
runs a powerful winch for lowering and raising the gates. 

Below the main arches are blind arches 1.50 metreJi wide, so that each sluice is a clear 
Opening 5 metres wide and 7.5 metres high. 

The regulation of each opening is perf irmed by two wrought iron gates moving in 
separate grooves and raised and lowered by 'the travelling winch. The two gru>ves are 
spaced .30 metres apart and have let in between them horL»ontal X girders and blocks of 
ashlar. The grojves are of cast iron. 

In each groove there is a gate 3.50 metre* h%t[, provided 
with rollers whose axles are fixed to the gate. E!iich gate lias 
three rollers on either side. 

On the rise of the flood, as so in as the depth o< water in the 
Canal ia equal to the requirements, both the gate* aTe lowered 
together until they both reach the flojr and the whole discharge 
of the Canal passes over the tops of the gates. On the Nile still 
rising and necessitating the further closing of the opening, the 
downstream gate is raiseil by the winch and regulation is per- 
formed entirely by it; the upstream gate remains on the flor until the final complete 
opening of ihe regulator after the flood. 

The reason why the two gates are lowered to the bJttom together and then one of them 
is raised is that sufiicient power can always be applie<l to a gate to raise it against a great 
pressure of water, but without screws or Stoney's rollers the gate could not descend against 
a head of water whan the pressure of waterX'' by the coefficient of friction exceedetl the 
weight of the gate. 

The regulator has been working since 18S8 and has given perf -ct satisfaciion even in 
the very high floor! of 1892. 

The regulator ost L. E. 60,000 including the lock. 

The gates and overhead platform of each opening ost L, E, 550, 

The cost per running metre of floor is approximately L. E. 350. 

The cost of regulating apparatus per running metre of floor is L. E. llO. 

The regulating apparatus cost L. E. 16 per square metre of sluice opening. 



The Beurage on the Nile (Ej^ypt). 

These weirs were built across the head* of the Roselta and Damletta branches of tliC 
Nile by Mougel Bey some 40 years ago. The Rosetta Barrage i3 4(>5 inelres between th*- flank* 
and the Damietta Barrage is 535 metres. As originally built, the platforms of the weirs were 
flash with the river's bed. The width of the floor was 46 metres and the depth 3.75 metres. 
As repaired, the floir proper is 34 metres wide and 4.5 metres in thickness; the upstreani 
apron is of masonry 25 metres widf and 1 raetrd deep, while the downstream apron is 15 
metres wide and 2 metres deep near the floor and 1.5 metres at the end. Below the downstream 
apron are 30 metres in length of pitching. 

It would have been better if the upstream apron had not started abruptly with a 
thickness of one metre from the main floor 4.5 metres thick. It might have been 3 metres 
thick near the floor and then gradually reduced to a thickness of one metre. As it is, a 
alight crack has appeared along the join. There should also have been a liberal provision of 
paddled clay upstream of the apron, overlaid with concrete. 

The maximum depth of water on the floor in flood is 9 metres, but the Barrages are 
never regulated on at that iime. Regulation begins when the depth of water on the floor 
is 4 metres, and 4 metres is the maximum head of water held up on the floor. 
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Plato 10. 



The piers are 15.5 metres long, 2 metres wide and 9.25 metres high. On their 
d)wnstream sides, they supp)rt a roadway 8 metres wide. Upstream of the bridge, the piers 
.s'ipp>rt towers 1.5 metres long, 2 metres broad and 3.5 metres high which carry a girder. 
The top of the ginler and the top of the upstream parapet of the bridge are at one level. 
They carry a line of railway on which runs a very powerful winqh f jt raising and lowering 
the gates. 

The regulation of each opening is performed by two wrought iron gates opening in a 
double cast iron groves [^ and raised and lowered by the trayelling winch. The lower gate 
is 2.0 metres high and the upper 2.5 metres high. They are prjyided with rollers. Each 
gat-i has 4 _r.>llers, two on either side. 

The new system of regulation has been in opers^ti )n since 1889 and has answered 
very well. When the gjat:^s are all closed, the discharge of the Nile through the Barrage 
is nil. 

Xo exact inf )rmati(>n exists of the ost of the original work, but the work of repairing 
cM L. E. 465,01*0. 

Ths gates and ovprh<»a(l plalf >rm of each opening cost L. E. 500. 

The cost of repairing [)er running metre of floor was L. E. 528. 

The cost of the regulating apparatus per running m »tre was L. E. 100. 

The regulating apparatus cost L.E. 22.5 per square juotre of sluice gate. 



Koshesha Escape Regtilator (Bgypt). 

The regulator, designed by Colonel Western and M' Reid and constructed by M*" Hewat, 
is built on the tail escape oi the series of basins from Assiout to Wasta. It consists of 60 
openings, each 3 metres wide. The piers are 1.30 metres wide. 

The regulator is founded on go)d clay soil. The maximum depth of water on the floor 
w^s expected to be 6.50 metres, though it rose to 7.00 metres in 1892. The maximum head 
of water is 4.00 metres. 

The main floor is of masonry 13 metres wide and 2.75 metres deep; the bottom of the 
f)un(lation is below the ininimum summer water level of the Nile. The upstream apron is 
of masonry 10 metres wiile and 1.0 metre deep. The downstream apron is ot masonry 
12 metres wide and 2 metres deep. 13eIow the downstream apron is 10 metres width 
of masonry blocks 1 metre deep, and below that again 20 metres in width of rubble 
pitching. 

The piers are 12.5 metres long and 6.5 metres high and support a roadway on their 
(bwnstream side. On the upsiream side, they support two towers each .80 metres long, 
1.30 metres wide and 1.0 metre high. 

The depth of each opening is divided into tw) sluices hy an arch thrown between 

the piers. 

The lower sluice is 2 metres high and the upper 3.5 metres high. 

The lower sluice is closed by a vertical gate moving in vertical grooves in the piers. 

The upper sluice is closed b\' a drop gate hinged at its bottom to its floor and falling flat 
on the flo>r when open. Bjth gates are of wrought iron. 

The two rows of towers carry girders and a line of railway on which travels the 
winch which raises and lowers the lower sluice gates in flood when the regulator is being 
worked. The winch is also employed to raise the upper drop gate into its vertical position 
after the flo )d is over and the regulator is in the dry (*). 

The upper drop gates are kept in a vertical position (1) by hooks suspended from bolts 
fixed in the piers and dropping into eye bolts in the gates near the piers, and (2) by chuns 
attached to the same bolts in the piers and clipped by a clip at the middle of the gala. 

(•) There arc in reality two Nviiiches in order to expedite tiic opening of the sluices. 
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When the gate is up and umler water preusurf. Ihe hooks take tha strain ;. when the time 
fi>r opening has oine, the hoiks are detache.1 and tha clip links are struck off and the 
gates fill instantly. 



The regulator has worked through the flood of 1891 and I89i and has given satisfaclioa. 
ItcostL. E. 62,620. 

The amount of iron work in sixty openings was : — 

Cast iron 205,800 kilograms 

Wrought iron 367.500 » 

573,300 
The gates and overhead platform cf each opening cost L. E, 2:^3.5. 
The C53t of flojr per running metre was L. E. 90. 
The cjst of regulating apparatus per running metre was L. E. 74.5. 
The regulating apparatus cost L. E. 14 per square metre of sluice gates. 

The Rayah Menoufleh Head (Egypt). 

This work is at the head of the Rayah Menoufieh Canal, at the very apex of the Delta. 
It was completed in 1867 and has been w.)rking ever since. In 1887, it was thorough^ 
repaired. 

The regulator onsists of seven openings of 4.16 metres width each and a lock 
50"X8". The piers are two metres wide. 

The maximum depth of water upttream is 9 metres, and the maximum head 3.70 metres. 

It was built on the same [Hnciple ai the Barrages. The floor is som 3 34 metres wide 
aod 4 metres deep, and provided with pitching on its downstream side. It is fiunded 
on sand. 

The pier^ are 14 metres long and 8.5 metres high and support pointed arches carrying a 
roadway 11.4 metres above floar level. The cutwaters are 9.3U metres high. 

The system of regulation i* that in ordinary use in Lower Egypt, viz: wooden 
needles or verticals resting against iron girders. The girder;* are bolted to vertical wooden 
frames which move in the grooves. The vertical timbers are all 2.'.xl5 centimetres 
in section. The verticals are lowered in front of the girders and rest against them. The 
great advantage of this system is the ability of being able to work in the deepest water 
and against any head with great safety. A water tight j>iut is however impossible in 
great depths of water. To lower the needles, a pair of shear legs is erected over 
each opening, and the needles are lifted off the roadway by a 3 y rope working over a 
pulley supported by the shear legs anl they are lowered in front of the horizontal girders. 
The force of the water drives the needles against the frames. When a sufficient number of 
verticals has been lowered, they are spaced and driven down to the floor by a mopkey 
attached to the rope passing over the pulley. For lifting the verticals, if the head of water is 
over 1 metre, a chain is attached to the head of vertical, the other end of the chain is attached 
to a loose needle lying on the bridge and making use of the parapet of the bridge a^afjlcrum 
the vertical is raised. The Bnal op ration of lifting the vertical out of the water and lying it 
on the roadway is performed by the ropii passing over the pulley. 
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There are many modificatbns. In the most recent cases, the iron girders have been 
replaced. by ^lighter girders of steel and wooden frames at the ends by hollow cast iron 
cylinders supporting the girders at their ends, while a long iron rod ties the girders and 
cylinders together, and permits of the ready lowering and raising of the whole number of 
girders when the floods have passed. 

The girders, verticals, frames, shear legs, &c., cost about L. E. 80 per opening, 
i. e. L. E. 25 per running metre or L. E. 2.8 per square metre of opening. 



Abu Shusha Escape Reg^ator (Egsrpt). 

17 Continued This is a type drawing of one of the new regulators designed by Col. Ross and built on 

firm clay soil on the Basin CanaU and escapes of Upper Ej^ypt. 

The regulator has 7 opr^nings of 3 metres each and is capable of holding up water on 
either si<ie. 

The maximum depth of water is 4.5 metres and the maximum head 3.0 metres. 

The floor is 19 metres long and 1 metre deep with an upstream and downstream curtain 
each 1.5 metres broad anrl 3 metres deep. The downstream apron is 10 metres long, on a 
slope, 0.50 metres d^ep, with a curtain wall 1.5x1.5 metres at the end. 

The piers are 11 metres long and 5.40 metres high and support arches carrying a 
roadway. The cutwaters. are provided with cast iron grooves and carry a line of railway on 
which moves the traveller f )r raiding and lowering the sleei)ers. 

The regulation is performed by horizontal sleepers of timber. All details are freely 
given on plate 17. 

The conditions prevailing in the basins of Upper Egypt d ) not necessitate the lowering 
of these horizontal sleepers against great heads of water, and so the system works well. 

Regulation on this principle would cost L. E. 2.0 per square metre of closed opening for 
groove?, rails, travellers, slipers, &c 



Do^vlaish'weran Regulator (Madras, India). 

puta 18. The regulator was built in 1846-1848 and has been working since. 

There are 3 main oi)enings, each 12.19 metres wide, with piers 2.19 metres wide. 
Each main opening is subdivided into 5 openings of 1.83 metres width by piers .76 metres 
wide. There is a small lock on the left flank. 

The maximum depth of water on the upstream side is 6.20 metres and the maximum 
head is 3.80 metres. 

This work is constructed entirely on sand. 

The main flcx)r consists of a mass of ma>onry 10 metres wide and 1.8 metres deep, ^ilh 
a downstream apron of masonry 5 metres wide and 1 metre deep. The downstream curtaia 
is a row of wells 1.: metres in external diametre which descend to a depth of 3 metres below 

floor level. 

This floor seems exceedingly light for such an important work built entirely on sand. 

There are 10 metres of pitching upstream of the flcjor and 40 metres of pitching dowB- 
stream of the flo)r with a thickness of from .80 to 1.30 metres. 

The main piers are 10.3 metres long, 2.19 mUres wide and 3.5 metres high ; they sup- 
port arches of 12.19 metr^^s si>an. 

The cutwaters are 6.70 metres high. 

The smaller piers are .76 metres wide, 3.4 metres long and 3.05 metres high, supporting 
arches and a blind wall 1 metre wide between the lower arches and the main arch. 

At a height of 2.44 metres above the floor, the small openings are spanned by ashlv 
lintels .25 metres wide, which support a blind wall between the lintels and the lower arches. 
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The area of each sluice opening is therefore 1.83X2.44 metres. 

The cutwaters of the smaller piers are also 6.70 metres high. 
The cutwaters are provided with double grooves, in 'Ahich move two wo3den gates 
each l.W metres in height which regulate the openings by means of screw:?. The capstans 
for working the screw lifting gear are at the level of the tops of the cutwaters. 



Bobberlanka Reg^ator (Madras, India). 

Built in 1879 at a ost of L.E. 8,081. 

There are 5 main openings of 7.32 metres width each, with piers 1.22 metres wide. 
. Each main opening is subdivided int) 3 opsnings of 1.83 metres width each by piers 
.92 metres wide. 

The maximum depth of. water on the upstream side is 6.20 metres, and the maximum 
head 3.80 metres. 

The regulator is built entirely on sand. 

The main flojr consists of a mass of masonry 14 metres wide and 1.80 metres thick with 
a downstream apron 8 metres wile and 1 metre thick. The downstream curtain is a row of 
wells 1.80 metres external width and 6.0 metres below the level of the floor. The upstream 
curlain is a doable row of wells 1.80 metres external width and 6 metres below the level of 
the flo)r. The spice between the two row of wells of the upstream curtain is filled with 
concrete. The total width of tiie upstream curtain is 5.3 metres. 

The pitching downstream is 15 metres wide and 1 metre deep. The upstream pitching 
is 6 metres wide and 1 metre deep. 

The main piers are 8.25 metres long, 1.22 metres broal, and 3.05 metres high and 
support an arch 7.32 metres span. The cutwaters are 7 metres high. 

The smaller piers are 4.0 metres long, .92 metres wide and 2.6 metres high supporting 
arches and a blind wall 1 metre wide between the upper and lower arches. 

The sluice openings a're 1.83'"X3.05 metres. 

The cutwaters of the smaller piers are 7.00 metres high. 

The cutwaters are prjvided with treble grooves in which move 3 gates ; each gate is 
1.05 metres high and made of wo3d. The gates regulate the sluices by means of screw lift 
gear. The caj)slans f>r working the gear, are at the level of the tops of the cutwaters. 
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Tinnevelly Channel Regpulator (Madras, India). 

This work was constructed in 1878 for L. E. 1656. It CDnsists of 3 main openings of 3.10 Plate aoL 
metres width, with piers .80 metres wide. 

Each main opening is subdivided into 2 openings of 1.25 metres each with a pier .60 
metres wide between. The work is built on ordinary clay soil. 

The maximum depth of water on the upstream side is 5.30 metres and the maximum 
head 3.80 metres. 

Thetlo)r consists of a mass of masonry 14.70 metres wide and 1.20 metres deep, with 
upstream, middle and downstream curtain walls, each 1.50 metres wide and descending to 
a depth of 1.80 metres bebw flo^r level. 

The upstream pitching is 3.50 metres wide and .75 metres deep, while the downstream 
pitching is 17.5 metres wide and .75 metres deep. 

The main piers are 7.30 metres long, .80 metres broad and 4.10 metres spin. The cut- 
waters are 6.30 metres high. 

The small piers are 1.50 metres long, .60 metres broad and 1.40 metres high supporting 
arches and a blind wall between the lower and upper arches. 

The openings are 1.25 metres wide and 1.80 metres high. There are 6 of them. 
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The cutwaters of the smaller piers are all 3.30 metres high and support arches and a 
platform 4.40 metres above floor level. The cutwaters are provided with single grooves in 
which move gates for regulating the openings by means of screw lifting gear worked by 
capstans at the platform level. 

The screw bjxes are liable to be drowned in very heavy flood. 



Khannadien CSiannel Reg^ator (India). 

^UttA ai. This is similar in principle to the last ; with only a slight difference in detail. 

The work was built in 1878 f )r L. E. 665. 

The details of shutters and screw boxes are given as good examples of this kind of work. 
The regulator consists of f >ur sluices 1.40 metre? broad X 2.10 metres high. The 
upstream depth of water is 5.50 and the maximum head is 3.60 metres. 



BStvra Canal Head and Undersluices (India). 

Plat* 22. The B^twa weir, built across the Betwa river in Upper India on a granite bar at the 

head of the Paricha rapids, is provided with a set of undersluices, and adjoining the under- 
sluices is the Canal Head. The cross section of the weir and full details of the undersluices 
and Canal Head are given on plate 22. 

The whole work is f )unded on solid granite. The undersluices and Canal head were 
begun in 1881 and ompleted in 1885 at a cost of L. E. 25,0»X). 

The maximum depth of water on the upstream side is 12.20 metres and the maximum 
head 10 metres. 

The Canal Head consists of five openings of 1.83 metres width each, with piers 1.22 
metres wide. The roadway is 13.3 metres above the floor and the cutwaters are 11.60 metres 
above the fliwr. The floor is 17.50 metres long. Each opening has two sluices of 1.83 X 1.83 
metres, while the balance of the space is cl >sed by a dea 1 wall. One set of sluices is at the 
floor level and the other .set 5 metres above the flo^r level. When the reservoir is full and 
when the river is in flood, the upper sluices are u-ed, and when the level of the reserfoir 
has fallen, the lower sluices are used. The sluice gates are of iron and are raised and lowered 
by screw lifting apparatus with the screw boxes at the level of the tops of the cutwaters 
11.6) metres above floor level. Upstream of the sluice are safety grooves. Upstream of the 
roadway and downstream of the cistern into which the sluices discharge, is another set of 
safety grooves with drop gates, while downstream of the rjadway is a third set of safety 
grooves. Sj far, the sluice gates alone have been used. Maximum depth of water 11.6. 
Maximum head 10.0 metres. 

The Undersluices consist of f)ur openings of 1.83 metres width each, with piers 
1.22 metres wide. The width of floor is 14 metres. The roadway is 12.20 metres above flo(WP. 
Each opening has one sluice of 1.83X3.66 metres at fl))r level, while the rest is closed by 
a dead wall. The sluice gates are of iron and are provided with screw lifting apparatus with 
the screw boxes at the roadway level. There is one safety groove upstream of the sluices and 
another downstream of the rjadway. The water approaching the sluice is trained through 
gradually decreasing openings, so as to increase the coefficient of velocity. 

The undersluices and Canal head are built of first class sandstone ashlar. 

The total regulating apparatus, grooves, gates, safety valves, &c., cost L. E. 5,500 for 
95 square metres of sluice opening, but as there are so many safety grooves, it is difficult to 
give the exact figure of the sluices. They may be put down at L. E. 30 per square metre. 

The maximum depth of water is 12.2 metres and the maximum head 8.4 metres. 
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Narora Weir Undersluices (India). 

The Narora weir is a solid dam thrown across the Ganges river, with its crest 3 metres piate 23. 
above the normal bed level of the river. 

The undersluices are situated near the Canal head in order to keep the deep channel 
of the river near the Canal head. The floor is on the same level as the Canal bed. The 
undersluices consist of openings of 2.13 metres width each, with piers .76 metres wide 
between. 

The maximum depth of water is 4 metres and the maximum head 2.5 metres. 

The works are founded on sand. 

The main floor is 15.3 metres wide and 1.80 metres deep with an Upstream curtain 
of wells 5 metres below floor level and 1.83 metres broad. There is also a downstream 
curtain of wells 3.5 metres below floor level and 1.83 metres broad. Downstream of the floor, 
is an apron of pitching 30 metres long and .50 metres deep. The upstream apron is 9.5 metres 
long and 1.3 metres deep. 

The undersluice regulating gates are over the upstream wells. 

The piers are 8.70 metres long and 4.5 metres high. They support a roadway 
5.70 metres above the floor. Upstream of the roadway the cutwaters are raised to the same 
level as the roadway. 

The sluices are 2.13 metres wide and 3.3 metres high and are regulated by wooden 
gates 2.4X3.3 metres moving in vertical grooves, and raised and lowered by means of a 
winch travelling on rails about 7 metres above the floor level. 

The floor cost about L. E. 120 per running metre. The work was completed in 1874 and 
has been working since. 



W. W1LLCOCK8. 



Cairo, January 1893. 
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THE NILE 



1. — T le Nile drains nearly ihe while of North Eastern Africa, an area omprising The 
3,110,0:):j square kilometres. Its main tributiiry, the White Nile, has its sources t) the south "^^^^^^ wue 

from 

of Lake Vict »ria and has traversed over 3,51)0 kilometres before it is j )ined by the Blue Nile Lake viotoria 
at Khart )um. From the junclion onwards the river is known as the Nil«», and afier a further ^ <»ondokoro» 
course of 3,0J0 kilometres fljws into the Mediterranean Sea by the Ro.^etta and Damietta 
mouths. The modulus of the Nile at AssuJin is 2,990 cubic metres per second and at Cairo 
2,610 cubic metres per second. 

2. — Lake Victoria, covering an area of 70,000 squire kilometres is the first reservoir 
of the Nile. The Equator passes through this lake which lies in the region of almost perpetual 
rains and receives an excesi^ive supply of water from its western tributaries, from subsoil 
springs, and heavy rainf ill. Owing to its great extent, the fluctuations of water level are very 
slight. Stanley considere I the discharge of the White Nile as it left Lake Victoria as -j- 
greater than that of the Tangjuri, the principal affluent of the lake. Judging from recorded 
observations further down the river (*), the mean discharge of the lake is probably 1000 cubic 
metres per second (*). Shortly after leaving Lake Victoria, The White Nile descends the 
Ripon Falls on a width of 400 metres and a drop of 4 metres. Lake Victoria lies about 
1130 metres above sea level and is 500 metres higher than Lake Albert. Between these 
lakes, on a disJance of 480 kilometres the White Nile (known here as the Somerset) 
traverses at first the succession of the swamps known as the Ibrahimia Lake, and then taking 
the character of a m )untain torrent precipitates itself into the north eastern corner of Lake 
Albert. The survey of Lake Albert, which has an area of 4,500 square kilometres, was made 
in 1877 by Mason Bey i^, and he recorded the fact that the lake was 1.20 metres below its high 
water level. The rainfall of that year was deficient in the whole of the Nile Valley, and the 
summer supply of the Nile in Egypt was the lowest of which there isany recorif. In July 1892 
Captain Lugard noticed that Lake Victoria was considerably above its normal level after the 
heavy rains of that j'-ear, and the summer supply of the Nile in 1893 has only twice been 
exceeded according to our records. Lake Edward with a probably area of 4,000 square kilo- 
metres and a height above sea level of 880 metres is a feeder of Lake Albert. After leaving 
Lake Albert the While Nile floows for 200 kilometres in a deep broad arm with scarcely any 
slope and scarcely any velocity as far as Duffl6, and then after a short troubled course tosses 
over the Fola falls on a width of 90 metres, and continues as a torrent f )r another 200 kilo- 
metres to a short distance south ofGondokoro. At Gondokoro the river is 2 metres deep at 
low water, and only 4.50 metres deep in flood, the discharge ranging between 500 and 
1,603 cubic metres per second (*) and(*). The regulating effect of the great lakes is well felt 
here. It is one of the keys for understanding the flow of the Nil*j and will be dwelt on later 
in this paper. At Gondokoro the river is at its lowest .in winter, it begins to rise about the 
15th April and reaches its maximum between 15th and 30th August(')C). 

(1) « Lc M/, la Soudan, VEgyote » by A. Chelu, page 12. Paris 1891. The figures should be 500 and 
1.600 instead of 550 and 1,200. II is unfortunate that in his other discharges Mr. Chelu has not separated 
his observed discharges from his interpolations, 

(2) o Saggio idrolico sul Nito » by E, Lombardini, page 35, Milano 1864. Lombardini estimated 
800 cubic metres per second. Sec also plate 3 figure (4) of his book for an interesting flood diagram al 
Gondokoro. 

(3) Khedivial Geographical Society's journal, Cairo 1877. 

(4) I take this opportunity of recording my obligations to Sir Samuel Baker for much information 
about the White Nile and its tribularies. 
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The 3. — From Gondokoro to BAr, a distance of about 120 kilometres, the river keeps in one 

^'^"hwiT"* channel and has a rapid fall, while from Bdr to the mouth of the Gazelle River, on a further 

€k>ndokoro Teach of 380 kilometres, the river divides into numerous channels and has a very feeble slope. 

to Khartoum, rpj^^ msLin Channel is known as theBahrel Gebel(the mountain stream )anfl is the one 

always used for navigation. In this reach are the "sadds'^or dams of living vegetation 
which at times are capable of barring the surface and completely blocking navigation. 
The Gazelle River joins the White Nile on its left bank and has a feeble discharge in summer, 
though occasionally it exceeds the Bahr el Gebel in flood. 

4. — At the junction of the Gazelle River and White Nile is a lake of an area of some 
150 square kilometres in summer. During this latter period, in years of scanty rainfall, all this 
part of the river acts as an evaporating basin and a source of loss to the Nile. The waters of 
the river likewise become polluted here with decaying vegetable matter, which at certain 
time of the year imparts a green colour to the Nile as far north as Cairo. A hundred kilo- 
metres below the Gazelle River the White Nile is joined by the Saubat river on its right bank. 
During flood this river has a discharge nearly equal to that of the White Nile above the 
junction, while in summer it has a feeble discharge and is occasionally quite dry. From 
the junction of the Saubat to Khartoum, on a length of 900 kilontetres the White Nile has a 
mean width of 1,700 metres, a depth varying from 5 metres in low supply to 7.5 metres in 
flood, and is a sluggish stream. The action of the current is always on the right bank owing 
to the prevailing north-west winds, and this action isontinued during the wLole of the 
remaining course of the river as fcir as the sea. The soil fr.im the Saubat river to Khartoum 
is light and friable, and the White Nile in spite of its mxlerate velocity has a width 160 t;m?s 
its depth in flood. 

The Nile 5. — At a ix)int 3,009 kilometres from the sea and 390 metres above it, is the town of 

«t Khartoum. Rhartoum where the Blue Nile from Abyssinia joints the White Nile. The Blue Nik has its 

sources in the Mountains of Abyssinia where Lake Tsana — with an area of 3,000 square 
kilometres and height above sea level of 1,780 metres — is another reservoir of the Nile. 
The Blue Nile has a length of 1,350 kilometres. This river is comparatively clear in summer, 
but during flood, i. e. from the beginning of June to the end of October, it is of a reddish 
brown colour, highly^ charged with alluvium. The Khartoum Nile gauge, which was read 
from 1869 to 1883 used to stand on the Blue Nile about 5 kilometres ab^ve its junction with 
the White Nile, and its reorded readings are not exact rec^jrds of th^ NiL. lo flood the 
discharges of the two rivers are nearly equal, but in summer the White Nile is the main 
source of supply. The Nile here has a mean range of 6.50 metres between high and low 
supply with a maximum of 7.80 metres and a minimum of 5.M metres. From compaiisons 
with the AssuSin gauge and observed discharges referred to the Khartoum gauge it is pro- 
bable that the high supply varies between 11,100 and 5,200 cubic metres per second, with a 
mean discharge of 8,000 cubic metres per second, while the low supply varies between 
l,500and 320 cubic metres per sec }nd, with a mean discharge of 550 cubic metres per second(*). 
April is the lowest month and September the highest. 

The Nile 6. — At at distance of 86 kilometres downstream of Khartoum is the 6th Cataract. Here 

Kh^^um ^^^^ ^^'® descends 6 metres on a length of 18,000 metres. At a distance of 320 kilometres from 

to AssuAn. Khartoum the Nile is joined by the Atbara river. This latter is another stream fed by the 

Abyssinian torrents, and though dry in summer, is a considerable river in flood. Heavily 

charged with volcanic detritus, it provider the greater part of the rich fertilising mud which 

the Nile carries in flood. The Atbara has a range of 8 metres, and from calculations and 



(1) « Geographic Unwerselle » by E. Rcclus, vol. X, page 77, Paris 1884. Linant Pasha made the high 
flood discharges of tlie Wiiite and Blue Niles 5,000 and 6,100 cubic metres per second, and iXie low summer 
discharges 3pO and 160 respectively. 
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comparis'>ns, I estimate that its floods range between 4,900 and 1,600 cubic metres per second^ 
with a mean high floxl of 3,100 cubic metres for second. It is in flood from July to October, 
with its ordinary maximum in August. Below the Atbara junction the Nile has no tributary, 
and flows throughout ifs 2700 kilometres to the sea, a sditary stream. Traversing one of 
the greatest deserts on the globe, it is Ihe s)Ie s>urce of life and vigour to whatever exists 
on its banks. 

7. — Twent3'-f(>ur kilometres downstrea • of the Atbara junction is Berber, and 45 kilo- 
metres downstream of Berber is the begini)ing of 5th Cataract, which has a length ofl60 kilo- 
metres and a drop of 63 metres with three principal rapids, the Solimania Baggira and 
Mograt. The village of Abu Hamed is situated at the foot of this Qitaract. Between Abu Hamed 
and Dongola is the 4th Cataract, which begins at a point of 97 kilometres d )wnstream of Abu 
Hamed, and has a length of 110 kilometres with a drop of 49 metres. In this series of rapids 
are the Um Diras and Guerendid. Between the 4th and 3rd Cataracts is a reach of 313 kilo- 
metres on a slope 77^. On this reach is the town of Oongola. The 3rd Cataract has a length 
of 72 kilometres and a drop of 11 metres with the l-lannek and Kaibar rapids, surveyed and 
levelled by De GMtberg in 1857 (* . Upstream of the Hannek rapid on the left bink of the Nile 
is the termination of the long depressi >n in the deserts which goes by the name of the Wady el 
Kab and is considered by many as lower than the Nile valley(*). Between the 3rd and 2nd 
Cataract is an ordinary reach of 118 kilometres. West'of this part of the Nile are the Selima 
Wells(^) and according to some travellers an old abandoned course of the Nile slightly above 
the present high level of the river. This waterless river terminates in the Oasis ofBerys 
which is separated from the Khargeh Oasis by a limestone ridge. 

8. — The secmd Cataract, known as the ** Batn el Haggar ", has a length of 200 
kilometres and a drop of 66 metres with the rapids of A mii a, Dal, Serana and Abka. At 
Semna are the rocks where Lepsius discovered the ^ile gauges cut by one of the Pharaohs 
some 4,000 years ago (*). The Nile flood recorded there is 8 metres higher than any flood of 
day. As the Nile at Semna could be very easilj' barred by a dam, it struck m 3 when I was 
there in 1892 that probablj'' king Amenemhat (of lake Mceris fame) had tried to bar the river 
with a dam in the hops of creating a reservoir. At Wady Haifa, near the fi)ot of the second 
Cataract, a masonry gauge divided into metres, has been erected and read since 1877. Its 
accidental zero is R. L. 116.69 and the mean low water level or true zero is R. L. 117.89 (•). 
Between the 1st and 2nd Cataracts, the Nile has a length of 345 kilometres and a slope 

of— ^. The mean width of the river is 500 metres, and the mean depths in flood and 

it. 5 00 '^ 

summer are 9 and 2 metres. The velocity in summer falls to 50 centimetres per second and 
rises to 2 metres per second in flood. The river in this reach is generally within sandstone, 
and the greater part is provided with gigantic spurs on both bmks. These spurs perform the 

double work of collecting soil on the sides in fliod and training the river in summer. They 

t 

were probably put up by the great Ram^ses 3,0W years ago, as some of the most massive of 
them have evidently been constructed to turn the river on a curve out its natural channel on 
t) the opposite side in order to secure deep water in front of his tfmple of Jerf Husain 
( " Jerf" means steep, scoured bank ). The spurs have been constructed with care, and as 
the course of roughly dressed stone can be examined at fairly low water ( I have never seen 
them at absolutely low water) it is evident that there has b3en n3 great degradation ot the 



(1) See the plan and section of the Kaibor cataract on plate I of this report. 

(2) « Gdographie UnirerscUe », vol. X, page 457. See the enlarged plan of Ihis port of Iho Nile on 
plate I of this report. 

(3) The rocks at Selima are limestone. 

(4) Mr. Coleril made a section of the river here for Count de la Motte. 

(5) I have adopted everywhere the mean low water level as the natural zero of the gauge. Everything 
above is -f , and below — • All the tables accompanying this appendix are referred to the mean low- 
water level as zei*o. 
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bed during the last 2,000 or 3,000 years. The first, or Assu&n Cataract, has a drop of 5 metres 
on a length of 5 kilometres. 

9. — From Khartoum to Assu&n, on a total length of 1809 kilometres, there are 565 
kilometres of so called Cataracts with a total drop of 200 metres, and 1,244 kilometres of 
ordinary channel with a total drop of 95 metres. 

The NU0 10. — At the foot of the 1st Cataract, opposite the town of Assuftn, on the Island of 

tttAMuAn. Elephantine, has stood a Nile gauge from very ancient times. An ofBcer belonging to the 
Roman Garrison in the time of the Emperor Severus marked an extraordinary high flood on 
the gauge. The maximum flood-mark at the time of the visit of Napoleon's French savants 
was however 2.11 metres higher than the above. As the middle of Severus' reign was 
A. D. 200, and the visit of French savants A. D. 1800, they concluded that the bed and 
banks of the Nile had risen 2.11 metres in 1600 years or 0.132 metres per 100 years. The 
new gauge divided into cubits and twenty- fourths was erected in 1869 and has been recorded 
daily since then (a cubit = 54 centimetres). Its accidental zero is R. L. 84.16. The mean low 
water level or true zero is R. L. 85.00. 

The Nile 11. — From Assu&n to the Barragn, the length of the river is 973 kilometres in summer 

from AMuAn ^^^ 9^3 j^ flood. The slope in summer is -i- and in flood -V- The mean fall of the 

to Cairo. . ' nooo 1SS00 

valley is-^^. Referring to table IX, it will be seen that the slopes vary in the different 
mean reaches, the least being jjjj^ in the Kena Mudiria and the greatest j-^ in B3niSuif. 
Turning to table X, it will be seen that in a high flood with a rise of 9 metres at Assiian, 
the rise in Kena will be 9.5 metres and only 8.2 in Beni Su^f. Table XI gives the mean 
areas of cross sections of the Nile, while table XIII gives the mean widths. Neglecting spill 
channels, we may state that in a high flood the mean area of the section of the Nile is 7500 
square metres and the mean width 900 metres. In the Kena Mudiria, the area is 7000 square 
metres and the width 800 metres, while in Beni Su6f the mean area is 8(XK) square metres and 
the mean width 1000 metres. Speaking generally it may be staled that where the Nile 
valley is narrow the slope of the river is small, its depth great and width contractetl ; while 
where the valley is broad the slope is great, the depth small and the width enlarged. The 
mean velocity in flood ranges between 2.0 metres and 1.0 metre per second, while the 
velocity in summer varies from metre .3 to .7 metre per second. We may say that the 
Nile in soil has a natural section whose width in flood is 110 times its depth, while its mean 
velocity is 1.50 metres per second. 

The natural canals, which take off" the river and which never silt, have a mean velocity 
of some 70 centimetres per second, while the proportion of width to depth is about 12 to 1. 
Artificial canals of this section do n )t silt if their velocities are 80 centimetres per second, 
while silting takes place as readily when the velocity is greater as when it is less than the 
above. In muddy streams, like the Nile in flood, certain velocities deiriand certain proportions 
of width to depth, and if these are not given to it, they will make it for themselves by eating 
away the sides if they can, or by silting up and raising the bed, if they cannot eat 
away the sides. 

The Nile 12. — On Roda island, oppjsite Cairo, has sto)d a gauge from the earliest times. 

at Cairo, j^ ^^^ ^^^^ frequently reconstructed. The present gauge is reputed to have been erected in 
A. D. 861 with its zero at the same level as a more ancient one whose readings have been 
preserved since A. D. 641. When the gauge was constructed, a reading of 16 cubits 'meant 
the lowest level at which flood irrigation could be insured everywhere. The level to-day 
is 20 -^ cubits on the gauge and the difference bp.tween them is 1.22 metres. As 1026 years 
have elapsed since the construction of the gauge it means a rise of 12 centimetres per 100 
years. This is slightly under the rise calculated at AssuSin. 
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The following table gives the 
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It is evident from the above that the head of the Delta, or the bifurcation of the Nile, was 
much nearer to Cairo in early days than just now, and the last three centuries have seen great 
changes. The fall of watersurface is very considerable at every bifurcation, and the difference 
between mean high and low supply at the Barrage to-day is 6.0 metres against 7. 2 metres at 
Cairo. Judging from the above figures, I should say that from the 7th to the 12th century the 
bifurcation was gradually approaching Cairo, while since the 12th it has been receding. 

13. — At Assuan the Nile has a mean range of 7.90 metres between high and low 
supply, with a maximum of 9.80 metres and a minimum of 6.40 metres. The high supply 
varies between 13,200 and 6,500 cubic metres per second, with a mean of 10,000 cubic metres 
per second, while the low supply varies between 210 and 1,300 cubic metres per second with 
a mean of 410 cubic metres per second. September is generally the highest month and May 
the lowest. The mean low water level is R.L. 85.00. 



AmuAh. 



14. — At Cairo the Nile has a mean range of 7.00 metres with a maximum of 9.6 
metres and a minimum of 5.3 metres. The high supply varies between 12,000 and 4,800 
cubic metres per second with a mean of 7,600 cubic metres per second, while the low supply 
varies between 1,300 and 170 cubic metres per second, with a mean of 38U cubic metres per 
second. October is the highest month and June the lowest. The mean low water level is 
at R.L. 12.25. 



Cairo. 



15. — The approximate areas of the catchment basins of the Nile and its tributaries are 
as follows : — 

Squarb kilometres. 

1. The White Nile at the Ripon falls 260,000 

2. The V/hite Nile between the Ripon and Fola Falls 130,000 

3. The White Nile between the Fola Falls and Gondokoro 60,000 

4. The White Nile between Gondokoro and the Saubat Junction 190,000 

5. The Gazelle River 220,000 

6. The Arab River 340,000 

7. The Saubat River 130,000 

8. The White Nile between the Saubat junction and Khartoum 320,000 

9. The BlueNile 310,000 

10. The Atbara and Gaash 240,000 

11. The Desert north of Khartoum 910,000 

The Nile 3,110,000 



The 

CatchmeDt 

basin 
of the fiile. 
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The rainfall 16. — The rainfill about Lakes Victoria and Albert and about Gondokoro and the upper 

in the halves of the Saubat, Blue Nile and Atbara miv be taken as 2 metres per annum. In the 
*^ Eastern half of the Gazelle river, the lover half of the Saubat, and middle thirdol the Atbara, 
1 metre per annum may be taken as the rainfall. Tht» western half of the Gazelle River has 
probably 50 centimetres per annum, while the Arab River and tail portions of the White and 
i^lue Niles and the Atbara cannot hav(i more than 2o centimetivs per annum. Frjin Berber 
northwards there is a very scanty rainfall indeed, and the ountry is onsidered rainless. 
Applying these rainfalls to the catchment basins we obtain the total mean annual rainfall 
in the Nile vallev as follow^s : — 
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17. — If we examine the plan and note the lengths of the different rivers and .their 
slopes, it will be evident that the Saubat, the Blue Nile and the Atbara are the ruling factors 
in flood, while the White Nile is tl)e ruling factor during the remainder of the year. 

18. — We have next to consider the times of rainfall. In the great lake regions the rainy 
sepson lasts from March to December with a maximum in August. At Oondokoro the rains 
Continue from April to November with a maximum in August. In the va ley of the Saubat 
the rainy season is from June to November with a maximum in August. It rains from April 
to September in the valley of the Gazelle River. From July to September is the rainy season 
at Khartoum, and from July to August in Kordofan and Darfur. In Abyssinia, there are 
light rains in January and February and heavy rains from the middle of April to September 
with a maximum in August. August in the centre of heavy rainfall everywhere. 

to 

19. — The time the water takes to travel down the different lengths of the river may 
the be found from discharge, velocity and slope calculations, and from comparisons between the 

water takes fluctuations of the Gondokoro. Khartoum, Assiian and Cairo gauges. I calculate that it takes 

to reach Cairo o c? 

from Lake the water 8 days to travel from Lake Victoria to Lake Albert, and five days from Lake 
Albert to Gondokoro. There is not much difference between higli anrl low supply in these 
reaches. It takes the water 36 days to traverse the distance between Gondokoro and Khar- 
toum in low supply, and 20 days in flood. Between Khartoum and Assuan the times are 26 
days in low supply and 10 days in flood. Between Assuan and Cairo, we have 12 days in low 
supply and 5 days in flood ; while between Cairo and the sea we have 3 days and 2 days 
respectively. It takes 90 days for the water in low supply to reach the sea from Lake Victoria, 
while in flood it takes 50 days. 

20. — The Blue Nile traverses the distance between its sources and Khartoun in sone 
17 days in low supply, and 7 days in flood. The Atbara takes 5 days in flood and the Saubat 
cannot take a much longer time. 
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21. — Referring to the map and keeping all the above facts in mind, an average year The NUe 
in the Nile basin may be thus described. The heavy rains near Gondokoro begin in April and *** ****^- 
force down the green water of the swamp regions. Abjut the 15lh April, the White Nile at 
Gondokoro begins to rise, and by the 1st September has reached its maximum. In this interval 

the discharge has risen from 500 cubic metres per second to 1,GU0 cubic metres per seo^nd. 
This rise is felt at Khartoum abjut the 20lh May and at Assiian about the 10th Juno. The 
green water ann )uncing this rise is seen at Cairo about Ihe 20th June. In an average year 
on the 20th May, the White Nile discharge of 3(X) cubic metres jier second at Khartoum begins 
to increase, and goes on gradually increasing to the 15lh or 20th September when the maxi- 
muDjfloxlsof the White Nile and Saubat reach Khartoum and altaina discharge of 4,.^00 cubic 
metres per sec md. The low water discharge of the Blue Nile is IGO cubic metres p?r second 
and abjut the 5th June it begins to rise fairly quickly and reaches ils ordinary maximum 
of 5,50^J cubic metres i)er second by about the 25th August. Owing to the two floods rarely 
being contemporary the ordinary maximum flood of 8,000 cubic metres per second is gene- 
rally on the 5th September. The red muddy water of the Blue Nile reaches Assuan about the 
16th July and Cairo about the 25th July. Once the red water begins to appear the rise is 
rapid, for the Atbara is in flood shortly after the Blue Nile, and its flood waters rise with 
great rapidity. The Atbara would come down much earlier than its does were it not that a 
whole month is expended in saturating the desert and its own dry sandy bed. The Atbara 
flood begins in early part of July and is at its highest about the 20th August, reaching 
au ordinary maximum of 3,400 cubic metres per second and occasionally an extraordinary 
maximum of 4,900 cubic metres per seond. 

22. — It is owing to the earliness of the Atbara high flood and the lateness of the White 
Nile high flood, that the ordinary maximum discharge of the Nile at Assuan is only 10,000 
cubic metres per second. This is generally on the 5th September. When the White Nile is 
weak, the maximum at Assuan is reached before or on The 5th September ; when the White 
Nile is strong the maximum is reached about the 2()th September. An early maximum as 
Assuan is always followed by a lov/ summer, while a late maximum is nearly always followed 
by a high summer supply. Only once has this rule been broken and that was in 1891 when 
there were two maxima, one on the 4th September and another on the 27th. In this year 
there must iiave been an extraordinary fall of rain in Abyssinia in September, tor the flood 
of the 27th September was very muddy, while as a rule the river at Assuan is very muddy 
in August, less so in September, and very much less so in October when the White Nile is 
the ruling factor in the supply of the river. 

23. — If the White Nile happens to be in very heavj' flojd late in September, and the 
September rains in Abyssinia are also very heavy, an ordinary flood passes Assuan at 
the end of September and is disasterous for Egypt. This happened in 1878. Tables III and IV, 
contain details of this flood, of the minimum flood year 1877 and the mean of the 20 years 
from 1873 to 1892. 

24. — At Assuan the Nile enters Eg3q)t, and it now remains to consider it in its last 
1,200 kilometres. The mean mininum discharge at Assuan in 410 cubic metres i)er. second 
and IS reached about the end of May. The river rises slowly till about the 20lh July and then 
rapidly through August, reaching its maximum abjut the 5th September, and then falling 
very slowly through October and Novernbi^r. Table III, gives every detail of a maximum, 
minimum, and mean year. The deep p3rennial irrigation canals take water all the year 
round, but the flood irrigation canals are closed with earthen banks till the 15th August, and 
are the nail opened. These flood canals, of which there are some 45, are cai)able of discharging 
2,000 cubic metres per second at the beginning of an ordinary year, 3,600 cubic metres per 
second in a maximum year, and have an immediate eflect on the discharge of the Nile. The 
channel of the Nile itself and its numerous branches and arms consume a considerable 
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quantity of water (Ihe cubic contents of the trough of the Nile between Assuan and Cairo are 
7,000,000,000 cubic metres) the direct irrigalijn from the Nile bstween Assikan and Cairo 
takes 50 cubic metres per second, 130 cubic metres i)er second are lost by evaix)ration off the 
Nile, and 400 cubic metres p^r second by absorption. Owing to all th'^se different causes, there 
is the net result that, from August 15th t> October 1st, the Nile is discharging 2,400 cubic 
metises per second less atCairo than at Assuan. During October and November the flood canals 
are closed, and the basins which have been filled in August and Septemb.^.r discharge back 
into the Nile, and in October the Nile at Cairo is discharging 900 cubic metres per second in 
excess of the discharge at Assuan and 500 cubic metres per second in November. An exami- 
nation of Tables II and III will show this very clearly. 

25. — The ordinary minimum discharge at Cairo is 380 cubic metres per second and is 
attained on the 15th of June ; the river rises slowly through July and fairly quicklj' in August, 
and reaches its ordinary maximum on the 1st October when there is no irrigation in the basins 
and the discharge from the basins is just beginning. The ordinary maximum discharge at 
Cairo is ab)ut 7,600 cubic metres per seconrl. Through October the Nile atCairo is practically 
stati mary, and fcills rapidly in November. 

26. — North of Cairo are the heads of the perennial canals which irrigate the Delta 
propar. These canals, with their feedei's lower down, discharge 1,2^)0 cubic metres per second, 
and the ordinary maximum flo)(I at Cairo of 7,600 cubic metres per secmd is reduced by this 
amount between Cairo and the sea. Of the 6,400 cubic metres per second which remain, 
4,100 cubic metres per second find their way to the sea down the Rosetta branch, and 
2,303 cubic metres per sec )nd down the Damietta branch. During extraordinary floods the 
Damietka branch has discharged 4,300 cubic metres per second and the Rosetta branch 7,000 
cubic metres per second (*). 

The NUe 27. — We have so far considered the Nile in flood, it now remains to quickly dispose of 

iniowsappiy. ^j^^ j^^ supplv. After reaching its maximum, the Atbara, which is a torrential river, falls 

m )re rapidly than othei^s, and by the end of October has practically (iisap[)eared ; after the 
middle of September the Blue Nile falls quickljs while the White Nile with its large basin, 
gentle flow an<l numerous reservoirs falls very deliberately. The mean discharge of the 
While Nile at Gondokoro in an ordinary year, at the time of low supply, is 550 cubic metres 
per second. By the time it reaches Khartoum it is reduce<l by evaporation to some 350 cubic 
metres per second. The ordinary low supply of the Blue Nile is 190 cubic metres per second, 
giving an ordinary low supply to the Nile at Khartoum of 540 cubic metres per second. The 
Atbara supplies nothing. Between Khartoum and Assuan there is a further loss from evapo- 
ration and irrigation of 130 cubic metres per second, and the mean low supply delivered 
at Assuan is 410 cubic metres per seond. In very bad years the discharge at Assuan .has 
fallen to 210 cubic metres per see.ond, which would probably mean 340 cubic metres per 
second at Khartoum ; and adopting Linant Pasha's proportion, the White Nile would be 
discharging 220 cubic metres per S(»cond and the Blue Nile 120 cubic metres per second. As 
the White Nile at Gondokoro never discharges much under 500 cubic metres per second, the 
loss on that river under the most unfavourable conditions is about 300 cubic metres per 
second, while the loss on the Blue Nile cannot be more than 50 cubic metres per second. 
Summing up therefore we may state in a very bad summer the Nile sources supply 
660 cubic metres per second, the discharge at Khartoum has dwindled to 340 cubic metres 
per second and at Assuan to 210 cubic metres per second. The moment the daily fall of the 



(1) The Barrage gauge is the upstream gauge of the Rosclta branch Barrage. Its zero is 10 metres above 
sea level and ils mean low water level 11.00. Owing to the Nile here dividing into two branches this mean 
gauge is not capable of reference to other gauges on the Nile as it is affected by Uie bifurcation* 
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river becomes less than the daily loss by evaporation, all the small ponds and pools ceaseHo 
aid the stream, and if they are very extensive, as they are South of Fashoda, they diminish 
the discharge considerably by their large evaporating areas. The six cataracts of the Nile 
with their numerous raised sills moderate floods and lengthen them out, but when the 
two months of real low discharge have come, the great res^rjfoirs of the Nile are the sole 
sources of supply. 

28. — As Egypt possesses no barometric, thermometrie, or rain gauge stations in the Anticipation 



of flood 
and 



valley of the Nile, we are always ignorant of the coming flood, though famine years in India 

are generally years of low flood in Egypt. If however the summer supply of the Nile has low supply. 

been exceedingly low and exceedingly late, we anticipate a high flood fallowing it, as the 

drought in the valley of the White Nile must create a powerful draught on the Indian Ocean. 

Again, as to the summer supply, we generally anticipate a poor volume in the river at that 

season, if the preceeding Nile flood at Assuan has been early; and a good supply if the flood at 

Assuan has been late. Between Assuan and Cairo, previous to 1890, we had little control over 

the flood since the canals and escapes in Upper Egypt had no masonry regulating works 

and the Nile in high flood did very much what it liked. Since 1890 however, the Public Works 

Department has constructed 90 important regulating works, and by proper manipulation we 

can now fairly control a high flood by using the canals and escapes so as not to let the Nile 

at Cairo rise much above 4.8 meti'es, which is the maximum gauge the banks on th'e 

Damietta branch can support with any degree of securit3\ It was mainly owing to this 

power of contnd that the excessive and late flood of 1892 passed through Egypt without 

causing any real damage. 



29. — When we consider the energy and the self-denying labours of the men who The sources 
achieved the great discoveries of the source of the Nile, it soeras but a po^r compensation to ^^ **** "**** 
them to know that these sources can now be depicted on the plans. It would b3 a triumph 

indeed and a real compensation if the resources of modern science could be employed to 
utilise these great lakes, and, by the construction of suitable works, insure a constant and 
plentiful supply of water to the Nile valley during the summer months when water is scarce 
and as valuable as gold. Both the Victoria (*) and the Albert lakes lend themselves to be 
utilised as reservoirs as they have rocky sills at their outlets, while the Albert and Tsana 
lakes by their convenient size are eminently suited for regulating basins. The day these 
works are carried out at the sources of the Nile, the lakes will take their proper place in the 
economy of the water supply, and we shall be able to say of them in their entirety, as we can 
say of them to-day in their degree, that what the snows of the Alps are to the Po, Lakes 
Victoria, Nyanza at Tsana are to the Nile, and what the Italian lakes are to the plains of 
Lombardy, Lake Albert is to the land of Egypt. 

30. — The fallowing tables follow this rep)rt: — The Tawes. 

Table I. — Discharge table for the Assuan, Assiout and Cairo gauges. 

Table II. — Five daily gauges and discharges at Assuan and Cairo fjr the maximum, 

minimum and mean years. 
Table III. — Five daily gauges and discharges at Assuan, Assiout and Cairo for 1892 

and 1893. 
Table iV. — Discharges of the Upper Egypt canals in the flood of 1892. 
Table V. — Discharges of the Upper Egypt canals in the flood of 1893. 
Table VI. — Assuan and Cairo gauge readings 1893 and 1892. 
Table VII. — Discharge table of the Upper Egypt canals. 

(!) The English Foreign Office has been asked to erect and read a gauge on Lake Victoria so that we 
may compare the gauge readings at Lake Victoria with the summer discharge of tlie Nile at Assufin. 
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Table VIII. — Mean low water levels of the Nile from Assiian to Cairo. 

Table IX. — S.ope of water surface on the Nile. 

Table X. — Maximum flood gauges of the Nile during 1892. 

Table XI. — Areas of cross sections of the Nile from Assiian to Cairo. 

Table XII. — Cubic contents of the trough of the Nile. 

Table XIII. — Widths of water surfcice from Assiian to Cairo. 

Table XIV, — Dates and heights of minimum water level at Assiian. 

Table XV. — Dales and heights of maximum water level at Assiian. 

Table XVI. — Quantity of water which reaches the sea. 

Table XVII. — Solid matters which reach the sea. 

Table XVIII. — Cairo gauges as modified by perennial irrigation in Upper Egypt. 

31. — With respect to the first three tables it should be borne in mind that it is 
impossible to find a table giving exact discharges for any given gauge at any given time, but 
the above tables give the moans of hundreds of observations. A rising Nile discharges more 
for a giving gauge than a falling Nile, and again high flood scours its bed and a 1 jw flood 
slits it up. Indeed it is owing to the fact that the low floo<Is are more numerous than the 
high floods, that the silting process gains on the scouring out and we have rise of the bed 
per century ( as seen in paras 10 and 12 ). A rise of the bed is accompanied with a rise of 
the general level of the Nile valley where there is basin irrigation. 
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TABLE I 



Discharge tables for the Assiian, Assiout and Cairo gauges^ 



The gauges are in metres and are referred to mean low water level as zero. This zero is 

at Assu&n R. L. 85.00 

at Assiout R. L. 45.55 

at Cairo R. L. 12.25 

N. B. — (At Assiout R. I.. 45.55 f*ccording to tlie reservotr levels is R. L. 45.05 according to the 
4th Circle levels). 

(The discharges arc in cubic metres per second). 



Discharge table of the Assuan, Assiout and Cairo gauges, ^v^rhich may be used 
approximately (0 for any gauge on the Nile north of Assuan ivith its zero 
at mean lovir "water level. 



OAOGE 


DISCHARGE 


GAUaE 


DISCHARGE 


GAOGE 


DISCHARGE GAC 


[QB 


DISCHARGB 


— 1.0 


150 


2.0 


1390 


5.0 


4350 8 


.0 


9800 


— .9 


170 


.1 


1460 


.1 


4500 


.1 


10050 


.8 


190 


.2 


1530 


.2 


4650 


.2 


10300 


— .7 


210 


.3 


1580 


.3 


4800 


.3 


10600 


— .6 


230 


.4 


1650 


.4 


4950 


.4 


10900 


— .5 


260 


.5 


1720 


.5 


5100 


.5 


11200 


— .4 


290 


.6 


1800 


.6 


5250 


.6 


11500 


— .3 


320 


.7 


1880 


.7 


5400 


.7 


11800 


— .2 


350 


.8 


1960 


.8 


5550 


.8 


12100 


— .1 


380 


.9 


2050 


.9 


5700 


.9 


12500 


0.0 


410 


3.0 


2130 


6.0 


5850 9 


.0 


12800 


.1 


450 


.1 


2210 


.1 


600) 


.1 


132 


00 


.2 


490 


.2 


2300 


.2 


0150 








.3 


530 


.3 


2400 


.3 


6300 








.4 


570 


.4 


2500 


.4 


6450 








.5 


610 


.5 


2600 


.5 


6600 








.6 


650 


.6 


2700 


.6 


6800 








.7 


690 


.7 


2800 


.7 


7000 








.8 


730 


.8 


2900 


.8 


7200 








.9 


780 


.9 


3000 


.9 


7400 








1.0 


830 


4.0 


3100 


7.0 


7600 




• • 


.1 


880 


.1 


3200 


.1 


7800 








.2 


930 


.2 


3300 


.2 


8000 








.3 


980 


.3 


3400 


.3 


8200 








.4 


1030 


.4 


3500 


.4 


8400 








.5 


1080 


.5 


3600 


.5 


8600 








.6 


1140 


.6 


3750 


.6 


8800 








.7 


1200 


.7 


3900 


.7 


9050 








.8 


1260 


.8 


4050 


.8 


9300 








.9 


1320 


.9 


4200 


.9 


9550 









(1) See tables IX and X when it will be seen that these discharges are too high for the reach of the 
^ile from Silsila to Kasr-es-Saad north of Kena. 
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Table II [continued], 



Mean monthly gauges and discharges at Assuan and Cairo for the maximum 

and minimum years, and the mean of 20 years. 



MONTH 



June. 
Julv. 



August . . . . 
September. 
October. . . . 
November . 
December . 
January. . . . 
Februni'y . . 

March 

April 

M«y 



Year. 



MINIMUM YEAR 1877/78 



ASSUAN 



Gauge 



.8 

3.3 

5.8 

6.1 

4.8 

3.3 

2.2 

1.6 

./ 

.1 

— .? 

-.6. 



Discharge 



3.0 



720 

2360 

5550 

5l)0J 

40 iO 

2370 

1520 

1120 

710 

450 

320 

2iO 



200 



CAIRO 



Gauge 



.4 



1.4 
4.6 
5.1 
4.7 
3.4 

1.7 

.8 
.1 

— .3 

— ./ 



2.5 



370 



Discharge 



500 

1030 

3840 

4520 

3910 

2550 

1520 

1220 

710 

450 

320 

220 



1730 



MAXIMUM YEAR 1878/79 



ASSUAN 



fiaujrp 



.4 



2.9 

7.1 
8.8 
7.8 



5.i 



4.2 
3.3 
2.9 
2.0 
2.2 
2.1 



4.8 



Discharge 



300 
L02() 
7910 
12180 
9350 
4870 
3250 
2i50 
2030 

mo 

1560 
n20 



4090 



CAIRO 



Gauge 



— .9 
.8 
5.6 
7.5 
8.2 
6.5 
4.5 
3.4 
2.9 
2.6 
2.2 
2.0 



Discharge 



4.6 



380 



170 

750 

5290 

8600 

10250 
6610 
3600 
2550 
2030 
1800 

-1560 
1370 



3710 



MEAN OP 20 YEARS 



ASSUAN 



Gauge 



.5 
3.1 
7.1 

7.7 

6.1 

4.2 

3.0 

2.3 

1.6 

.9 

.3 

.1 



3.9 



Discharge 



600 

2200 

790O 

9170 

5990 

3270 

2180 

1590 

1120 

800 

550 

410 



2990 



CAIRO 



Gauge 



0.0 
1.4 
5.6 
6.8 
6.6 
4.6 
3.1 

Art • O 

1.6 
.9 
.3 



3.5 



370 



Discbarge 



410 

1010 

5280 

7200 

6S60 

3740 

2260 

1590 

1120 

800 

550 

430 



2610 
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TABLE I I I. 



Five daily gauges and discharges at Assuan, Assiout and Cairo for 1892 and 1893. 





. 5 


1892 1 






1893 






DATE 


ASSUAN 


ASSIOIT 


CAIRO 


ASSUAN 


ASSIOUT 


CAIRO 




^AUgt 


Discharge 


Gauire 


Discharge 


Gauge 


Discharge Ga 


oge 


Distcharge 


Gauge 


Discharge 


Gauge 


Discbargi 


January 


2.6 


18(X) 


2.7 


1880 


2.7 


1880 : 


3.2 


2300 


3.0 


2210 


3.0 


2300 




10 


2.5 


1720 


2.5 


1720 


2.6 


1800 : 


M 


2210 


2.9 


2130 


3.0 


2210 


• 


15 


2.4 


1650 


2.4 


1650 


2.4 


1650 ; 


J.O 


2130 


2.8 


2020 


2.9 


2130 




20 


2.3 


15S0 


2.3 


1580 


2.3 


1580 ! 


2.9 


2050 


2 7 


1S80 


2.8 


?o:iO 




25 


2.2 


1530 


2.2 


15:^ 


2.2 


1530 J 


i.H 


1960 


2.6 


1880 


2.7 


I960 




31 


2.0 


1390 


2.1 


li60 


2.1 


1460 J 


2.8 


1960 


2.5 


1880 


2.5 


1960 


B'ebrunry . . 


. 5 


1.9 


1320 


2.0 


1320 


2.0 


1320 1 


2.8 


1960 


2.5 


1880 


2.5 


1960 




10 


1.7 


1200 


1.9 


1200 


2.1 


1200 I 


2.7 


18^0 


2.5 


1800 


2 5 


1880 




15 


1.6 


1140 


1.7 


1140 


2.0 


lliO i 


2.6 


1800 


2.4 


1720 


2.5 


1800 




2<i 


1.4 


1030 


1.6 


1030 


2.0 


1030 : 


2.6 


InOO 


2.3 


1720 


2.4 


1800 




25 


1.2 


930 


1.4 


930 


1.9 


930 1 


2.5 


1720 


2.3 


I'l.^O 


2.S 


1720 




28 


1.0 


830 


1.3 


830 


1.9 


830 [ 


2.4 


1650 


2.2 


1580 


2.5 


1630 


March 


. 5 


.9 


780 


1.1 


780 


1.8 


780 J 


2.4 


16.M) 


2.2 


r>80 


2.5 


1650 




lu 


.8 


730 


1.0 


730 


1.7 


730 5 


>.3 


1580 


2.1 


1570 


2.3 


1580 




15 


.6 


^^50 


.9 


650 


1.7 


650 i 


2.3 


1580 


2.0 


1530 


2.2 


i:>80 




20 


.0 


6 to 


.8 


610 


1.7 


610 : 


J.3 


l.'>80 


2.0 


15:U) 


2.2 


15S0 




25 


.4 


570 


.6 


570 


1.6 


570 j 


>.3 


1580 


2.0 


1530 


2.2 


15S0 




3t 


.8 


530 


.5 


530 


1.8 


530 2 


1,2 


1530 


i.O 


1460 


2.2 


15.30 


April 


. 5 


.2 


490 


.5 


490 


1.8 


490 1 


>.2 


1530 


1.9 


li60 


2.2 


1530 




10 


.0 


410 


.3 


410 


1.8 


410 i 


>.3 


1580 


2.0 


1)30 


2.2 


1530 




15 


-.1 


380 


.2 


380 


1.8 


380 5 


J. 2 


1530 


20 


l."»30 


2.2 


1530 




20 


-.1 


380 


.1 


3^0 


1.7 


380 i 


f.O 


1390 


1.9 


i:m 


2.2 


1390 




25 


— .2 


3.^0 


.0 


350 


1.7 


.^^50 1 


1.8 


1260 


1.7 


12t»0 


2.1 


1»M) 




30 


-.3 


320 


-.1 


320 


1.8 


320 1 


1.5 


WO 


1.5 


1080 


1.8 


10*) 


M.-iv 


. 5 


— .4 


^oo 


9 


290 
290 


1 7 


2t>0 


1.3 
.1 


980 


1.3 
1.1 


980 


2.0 
1.9 


980 
880 


EWm **T •••••••■ 


10 


-.4 


2^) 


-:5 


1.7 


290 i 


880 


8«0 




15 


-.4 


290 


-.3 


21*0 


1.7 


290 


.9 


780 


.9 


7^0 


1.9 


780 




20 


— .3 


260 


-.3 


290 


1.7 


290 


.7 


690 


.7 


690 


1.8 


690 




25 


-.4 


290 


— .4 


260 


1.5 


280 


.7 


690 


.6 


690 


1.8 


690 




31 


-.6 


230 


-.4 


260 


1.4 


280 


.6 


650 


.5 


650 


1.7 


650 


June 


. 5 


— 6 


2.^0 


— .5 

— .5 


230 

230 


1.4 
1.4 


280 


.5 
.4 


610 


1 


610 
570 


1.7 
1.9 


610 
570 


V ^i • 9 ^^ •••••■•■ 


10 


— .5 


wtJVr 

250 


260 


570 


. * 
.4 




15 


-.5 


270 


-.5 


230 


1.3 


230 


.4 


530 


.3 


530 


1.9 


f^ 




20 


-.4 


300 


-.4 


260 


1.2 


230 


.4 


570 


.2 


.^30 


1.9 


530 




25 


-.2 


350 


-.4 


270 


1.3 


250 


.5 


610 


.1 


5:^0 


1.8 


5 




30 


2 


490 


-.4 


300 


1.3 


270 


.6 


650 


.2 


JS;0 


1.8 


530 


July 


. 5 


.6 


r>50 


— .2 


3.^0 


1.4 


300 


.8 


730 


.2 


570 


1.8 


530 




10 


1.0 


830 




490 


1.6 


4if0 1 


.1 


880 


.4 


610 


1.8 


530 




15 


1.6 


1180 


.5 


610 


1.7 


5(M) 1 


.4 


1030 


.6 


69u 


1.9 


570 




20 


2.4 


1650 


1.2 


930 


2.1 


70) Si 


1.2 


1530 


.9 


780 


2 1 


630 




15 


3.H 


29(»0 


1.9 


1320 


2.2 


1^00 2 


1.8 


1960 


1.5 


1000 


2.2 


730 




31 


5.4 


5050 


3.4 


2500 


2.7 


12(X) 5 


;.4 


5100 


2.6 


ISOO 


2.4 


12O0 


August 


. 5 


6.3 


6450 


5.2 


4800 


3.9 


300) 6 


LO 


6000 


4.7 


3100 


3 5 


2600 




10 


6.8 


7400 


5.7 


5550 


5.3 


4950 7 


.0 


7600 


5.6 


.5400 


4.9 


4200 




15 


6.7 


7000 


5.8 


55.50 


5.8 


55.^0 7 


' 


7800 


6.0 


5S50 


5.7 


5400 




20 


7.4 


81^) 


5.8 


5550 


5.4 


4950 7 


'.4 


8600 


6.0 


5850 


5.5 


5100 




25 


8.3 


ItKK^O 


6.5 


6450 


5.8 


500 7 


'.5 


8f)00 


6.2 


615') 


5.8 


55.50 




31 


8.3 


10900 


7.1 


8000 


6.6 


7000 7 


.4 


8400 


6.2 


615) 


5.9 


5700 


September. . 


. 5 


8.6 


11800 


7.2 


82'K) 


6.9 


7400 7 


'.3 


8200 


6.0 


5850 


5.9 


5700 




10 


8.8 


12500 


7.5 


8800 


7.1 


8000 7 


^4 


840<) 


6.1 


6(K)0 


5.7 


5iO0 




15 


8.8 


12500 


8.0 


10050 


7.3 


8800 7 


'.6 


8800 


6.4 


6i.^0 


t.:A 


5550 




20 


8 9 


12800 


8.1 


10050 


7.9 


9800 7 


^5 


8600 


6.3 


r>:K)0 


5.9 


57(10 




25 


8.7 


11500 


8.2 


10300 


8.1 


10300 7 


^5 


86(0 


6.4 


64:)0 


6.0 


5850 




30 


8.4 


10600 


8.1 


9800 


8.3 


10900 7 


'.3 


8200 


6.5 


6600 


6.2 


6150 


Octolicr 


. 5 


8.2 


10050 


7.9 


9300 


8.4 


10900 7 


M 


7800 


6.3 


6300 


6.1 


0000 




10 


7.8 


9050 


7.8 


9050 


8.3 


10300 7 


r.4 


8400 


6.3 


6300 


6.0 


5850 




i:> 


7.4 


8200 


7.5 


8400 


8.1 


»W00 i 


\0 


7400 


6.6 


6800 


6.3 


6300 




20 


7.2 


7800 


7.4 


8200 


7.9 


930C e 


J.5 


6450 


6.5 


6''»00 


6.4 


64ri0 




2.-) 


6.8 


7000 


7.1 


7(;oo 


7.9 


9300 i 


).0 


5700 


6.6 


6800 


7.1 


8000 




31 


6.3 


6150 


6.5 


6'*50 


7.8 


9050 [ 


>.6 


5100 


6.1 


5850 


6.9 


720) 


November . . 


. 5 


5.7 


5250 


5.9 


5550 


7.2 


7800 


• 


• • 


• • 


. . 


. . 


. • 




10 


5.3 


4650 


5.3 


4650 


6.4 


6300 


• 


• • 


• • 


. . 


. . 


. . 




15 


5.0 


42(iO 


4.9 


4200 


5.6 


5100 


1 • 


• • 


• • 


. • 


. . 


. • 




20 


4.6 


3750 


4.6 


3750 


4.8 


4050 


» • 


• • 


• • 


. . 


. . 


 t 




25 


4.4 


35i;o 


4.3 


3400 


4.4 


3500 


» • 


• • 


• • 


. . 


. . 


* • 




30 


4.1 


3200 


4.1 


3200 


4.2 


3300 


1 • 


• • 


• • 


. . 


. . 


• • 


December . 


. 5 


3.9 


3000 


3.8 


2900 


3.9 


30fX) 


1 • 


• • 


• • 


. . 


• a 


. • 




10 


3.8 


2900 


3.6 


2700 


3.7 


2800 


1 • 


• • 


• • 


. . 


. . 


. • 




15 


3.6 


2700 


3.5 


2600 


3.5 


2600 


» • 


• • 


• • 


. . 


. . 


. • 




20 


3.5 


2600 


3.4 


2500 


3.3 


2500 


• • 


• • 


• • 


. . 


. . 


.. 




25 


3.4 


2500 


3.2 


2300 


3.2 


2400 


1 • 


• • 


• • 


. . 


. . 


• • 




31 


3.3 


2400 


3.1 


2210 


3.1 


2300 


 • 


• • 


• • 


. . 


a • 


. • 
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Table III [continued']. 

Mean monthly gauges and discharges at Assuan, Assiout and Cairo 

for 1892 and 1893. 





X892 


1893 


MONTH 


AS-j 


UAN 


ASSIOUT 


CAIHO 


ASSUAN 


A-isiour 


CAIRO 




Gauge 


Discli&rge 


Gauge 


Diseharge 


Gauge 


Discharge 


Gauge 


Discharge 


Gauge 


Discharge 


Gauge 


Discharge 


January 


2.4 

1.5 

.6 

- 1 
-.5 

— .3 
2.9 
7.4 
8.7 
7.2 
4.8 
3.6 


1610 

1070 

WO 

390 

270 

310 

2040 

8540 

11950 

80 iO 

4090 

2680 


2.4 

1.5 

.6 

—.1 

—.5 

-.5 

1.4 

6.1 

7.8 

7.3 

4.8 

3.4 


1630 

1070 

6i0 

390 

280 

250 

1030 

5980 

9530 

8160 

4120 

2530 


2.4 

1.5 

.6 

—.1 

—.5 

-.5 

.6 

5.5 

7.7 

8.0 

5.4 

3.5 


1650 

1070 

6i0 

380 

280 

250 

660 

5190 

920) 

9860 

5000 

2600 


3.0 
2.6 
2.3 
2.0 
.9 
.4 
2.7 
7.1 
7.4 
6.6 

• • 

• • 


2100 

1800 

1580 

1380 

780 

590 

1870 

7830 

8470 

6800 

. . 


2.8 
2.5 
«i . " 
1.9 
.9 
.3 
1.1 
5.8 
6.3 
6.4 

• • 

•  


2000 

1720 

1520 

1340 

780 

550 

900 

5550 

6270 

6440 

• • 

• • 


3.0 

2.6 

2.3 

2.0 

.9 

.3 

.7 

5.3 

5.9 

6.5 

• • 

• • 


2100 


February 

March 


1800 
1580 


April 


1380 


May 


780 


June 


550 


July 


690 


AuRust 


4760 


September 

October 


5720 
6630 


November 

December 


• • 

• • 


Year 


4.4 


3470 


3.9 


2960 


4.0 


3060 


• • 


• • 


• • 


. • 


• • 
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TABLE IV. 

Discfaarf^s of the C&nal in Upper Egypt in 1892. 



Canal i/e'scharges I.eticeen Asmitin and Ass/'ouf. 



rges betircen 



APPENDIX III. — THE NILE. 



19 



TABLE V. 

Discharges of the Caxials in Upper Eg3rpt in 18J93. 



Canal discharges between Assudn and Assiout. 



NAME OF CANAL 




August 




September 


October 


15 

50 
10 
28 
17 
19 
20 
33 
45 
70 
38 
55 

390 
45 
20 

520 
10 
10 

13^10 

11 
11 
.^6 
56 


24 
17 
12 
24 
15 
30 
60 
2'» 
6 
4 

340 

1720 


20 

56 
12 
33 
24 
2i 
26 
39 
52 
72 
4i 
55 

380 
46 
23 

520 
11 
15 


25 

58 
12 
34 
26 
2.J 
29 
44 
60 
82 
47 
59 

400 
47 
26 

560 
12 
20 

1550 

15 
13 
48 
69 

9 
34 
27 
16 
29 
16 
40 
67 
32 

9 
10 

430 


31 

56 
12 
33 
26 
27 
28 
43 
55 
79 
46 
58 

390 
46 
25 

560 
12 
20 

1510 

14 
12 
46 
63 

8 

32 
25 
15 
29 
16 
37 
66 
32 

8 
10 

410 

1920 


5 

55 
13 
HI 
22 
21 
25 
3.) 
50 
72 
45 
56 

350 
44 
22 

540 
11 
20 

1420 


10 

60 
14 
33 
24 
24 
25 
41 
53 
76 
47 
56 

360 
45 
17 

5i0 
11 
20 

1440 

15 
14 
45 
64 

6 
30 
24 
15 
27 
12 
39 
60 
32 

t 
10 

400 

1840 


15 

64 
15 
3S 
29 
2i 
30 
46 
68 
87 
52 
62 

420 
51 
28 

60!) 
\\ 
20 

1040 

17 
16 
52 

70 
4 
35 
2S 
17 
2S 
10 
40 
66 
33 

10 
430 


20 

61 
15 
33 
24 
22 
27 
43 
60 
82 
46 
57 

3ro 

25 

580 

12 

20 

1540 

16 
16 
44 
50 

5 
31 
25 
16 
27 

7 

40 
65 
34 

7 
10 

390 

1930 


25 

64 
15 
34 
2-2 
27 
30 
46 
65 
87 
52 
62 

430 
52 
29 

600 
12 
20 

1650 

16 
16 
42 
40 

6 

34 
27 
17 
25 

4 
43 
55 
2^ 

7 
10 

370 


30 

61 
15 

33 
20 
26 
28 
44 
60 
82 
46 
57 

410 
47 
28 

600 
12 
20 

1590 

16 

16 
30 
30 

6 
33 
26 
16 
16 

4 
40 
50 
24 

7 
10 

320 

1910 


5 


10 


15 


20 


25 


Rnmadi 








Um-Ads 




Asfun 




Fadilia , 




Toukli 




KaimBn 




Duuirania 




lAashwavia 




Kasra 




Zarauria 




Gerarawia 




Sohaffia 




Tahta 




Shatura ... 

Ihrahimia 




Wnladirt 




Minor Canals 




Total left bank.. 


1430 






Kilihia 


13 
12 
4i 
6i 
7 

32 
24 
14 
27 
16 
37 
62 
30 
6 
7 


14 
13 
40 
62 
6 
29 

14 
27 

12 
37 
60 
29 
7 
10 

,S90 






Mania 

Bavadia 




Slianhuria 




Slickliia 




Gilasi 




^nnialha 




Tarif 




Hawis 




Ahaiwia 




Isawia 




Khnzindaria • • • 




Maanah • 

Srtiit 




Minor Canals 




Total right bank. 


400 








Total both banks. 


1830 


1980 


1810 


2070 


2020 


•• 





Canal discharges between Assiout and Cairo. 



Beni Husain.. 
Abu-Bnkra ... 

Sultani 

Nina 

Bnhabsliin... . 
Mognuna...., 
Kuslu\ska .... 

Zawia 

Girza 

ZuniP 

Minor Canals. 



Total left bank.. 



AH bey 

Khassab 

Minor Canals.. 

Total right bank. 

Total both banks. 



17 
63 
17 

9 
11 
21 
70 
II 
50 
10 

2 



2^0 



16 

20 

6 



40 



320 



18 
50 
16 

8 

9 
20 
70 

8 

45 
10 

2 



260 



20 

20 

6 



50 



310 



19 
63 
17 

9 
11 
20 
50 
13 
50 
10 

2 



20 
64 
17 
10 

12 
20 
30 
12 
55 
10 
2 



2rO 250 



27 

20 

6 



50 



310 



28 

22 

6 



60 



310 



14 
60 
16 
10 
12 
24 

13 
60 
6 
2 



220 



15 

19 

7 



40 



12 

58 

15 

9 

10 

23 



12 

60 

6 

2 



210 



12 

15 

I 



16 
68 
17 
9 
12 
28 

13 

50 

I* 

2 



220 



17 
65 
17 

9 
11 
29 

15 
50 
12 

2 



260 



30 



240 



15 
19 



40 



260 



220 



17 
64 
17 

9 
13 
30 

16 
40 
14 

2 



17 
15 

7 



220 



20 

15 

7 



17 
6i 
17 

9 
14 
30 


17 
30 
15 

2 



40 



260 



40 



220 



20 

18 

7 






50 






. * 
* • 



* a 



 . 



260 270 






* • 






* . 



Canal discharges between Assudn and Cairo. 



Left bank 

Right bank 

toTAL 

I 

Assudn guiige... 
Assiout gauge.. 
Cairo gauge .... 



1660! 
380 


1090 
450 


1810 
480 


1760 
470 


1640 
430 


1650 
430 


1960 
470 


1760 
430 


1870 
410 


1810 
370 


. * 


• • 






2010 


2140 


2290 


223U 


2070 


2080 


2330 


2190 


2280 


2180 


. • 


• . 


. • 


. • 


7.0 
6.2 
5.8 


7.3 
6.2 
5.6 


7.4 
6.4 
5.9 


7.3 
6.3 
6.0 


7.2 
6.2 
6.0 


7.5 
6.3 
5.8 


7.6 
6.5 
6.0 


7.4 
615 
6.0 


7.1 
6.6 
6.1 


7.3 
6.6 
6.3 


7.1 
6.4 
6.2 


7.3 
6.5 
6.1 


6.9 
6.7 
6.4 


6.3 
6.7 
6.5 






6;0 

• a 

8.7 
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TABLE Yl. 



Assuan and Cairo gauge readings from 1873 to 1892. 



YEARS 


1873 


1874 


1875 


1876 


1877 


1878 


1879 


DATES 


Assu£n 


Cairo 


Assuin 


Cairo 


Assuin 


Cairo 


Assuin 


Cairo 
3.0 


Assuin 


Cairo 


Assuan 


Cairo 


Assuin 


Cairo 


January.. •"» 


2.9 


3.. 7 


2.0 


2.6 


3.0 


3.2 


2.7 


2.4 


2.7 


1.9 


9 O 


3.6 


3.7 


10 


2.8 


3-5 


1 8 


2.4 


2.8 


3.1 


i.7 


2.9 


2.3 


2.7 


1.8 


2.1 


3.5 


3.6 


i:» 


2 7 


a. 5 


1.6 


2 2 


2.7 


2.9 


2.6 


2.8 


2.2 


2.6 


1.6 


2.1 


3.4 


3.5 


20 


2.5 


K 3 


1.4 


2.1 


2.6 


2.9 


2.5 


2.8 


2.0 


2.6 


1 5 


1 9 


3.3 


3.4 


25 


2.5 


3.1 


1.2 


2.0 


2.5 


2.8 


2.4 


2.6 


1.9 


2 5 


1.4 


1.8 


3 2 


3.3 


. bl 


2.4 


Z.S 


1.0 


1.9 


2.4 


2.7 


2.4 


2.6 


1.7 


2.3 


1.2 


1.7 


3.1 


3.2 


Februoi'V. 5 


2.3 


2.0 


0.8 


1.9 


2.3 


2 6 


2.3 


2.5 


1.6 


2.2 


l.l 


1.6 


3.1 


3.2 


1«» 


2.4 


2.7 


0.7 


1.8 


2.2 


2.5 


2.2 


2.5 


1.5 


2.1 


0.9 


1.5 


3.0 


3.0 


15 


2.3 


2.7 


0.6 


1.7 


2.0 


2.5 


2 2 


2.5 


1.3 


1.9 


0.8 


1.3 


2.9 


2.^ 


20 


2.2 


2.5 


0.4 


1.6 


1.9 


2.4 


2.2 


2.4 


1.2 


1.8 


7 


1.2 


2.H 


2.9 


25 


2.1 


2.3 


O.i 


1.5 


1.8 


2.3 


2.1 


2.3 


1.1 


1.7 


(» 5 


1.1 


2.8 


2.8 


28 


2.0 


2.3 


0.3 


1.4 


1.7 


2.3 


2.1 


2.3 


1.1 


1.7 


0.5 


1.1 


2.7 


2.^ 


March. ^.. 5 


1.8 


2.2 


0.3 


1.4 


1.4 


2.2 


2.0 


2.2 


1.0 


1.5 


0.3 


1.0 


2.7 


2.7 


10 


1.6 


2.1 


0.2 


1.2 


1.2 


21 


1.8 


2.1 


0.9 


1.4 


0.2 


0.9 


2.7 


2.7 


15 


1.4 


1.9 


0.1 


1.2 


1.1 


2.0 


1.8 


2.0 


0.7 


14 


0.2 


0.9 


2.6 


2.fi 


20 


1.2 


1.8 


0.0 


1.2 


0.9 


1.9 


1.6 


2.0 


0.6 


1.3 


O.I 


1.0 


2.6 


2.0 


25 


o.q 


1.8 


0.0 


11 


0.8 


1.7 


1.5 


1.9 


0.5 


1.4 


0.0 


8 


2.5 


2.5 


31 


0.8 


1.6 


-0.1 


1.1 


0.6 


1.5 


1.3 


1.7 


0.4 


1.4 


-0.1 


0.8 


2.5 


2.5 


April 5 


6 


1.5 


—0.3 


9 


0.5 


1.4 


1.1 


1.6 


0.5 


1.3 


-0.1 


6 


2.4 


2.5 


. . 10 


0.5 


l.i 


—0.3 


1.0 


0.5 


1.2 


0.9 


1-5 


0.2 


1.3 


—0.2 


0.6 


2.3 


t,^ 


15 


0.4 


1.4 


-0 3 


0.9 


0.4 


1.0 


0.8 


1.3 


2 


1.2 


—0.3 


5 


2.2 


2.5 


. 20 


0.3 


1.3 


0.4 


0.9 


0.3 


0.9 


7 


1.2 


0.3 


1.1 


-0.3 


0.5 


2.2 


2.4 


25 


0.1 


1.3 


-0.5 


0.8 


0.3 


0.9 


0.6 


1.0 


0.4 


1.1 


-0.4 


0.4 


2 3 


2.3 


3J 


0.0 


1.2 


—0.5 


0.7 


0.2 


0.9 


0.4 


0.9 


3 


1.0 


-0.4 


0.3 


2.2 


2.3 


Mav 5 


-0.1 


1.2 


-O.i 


0.7 


0.1 


0.9 


0.4 


0.9 


0.3 


1.1 


-0.5 


0.3 


2.2 


2.2 


10 


—0.2 


1.2 


-0.5 


0.6 


0.1 


0.9 


0.3 


1.1 


0.3 


1.0 


-0.5 


0.2 


2.0 


2.2 


15 


-0.2 


1.2 


—0.6 


0.6 


0.0 


0.8 


0.3 


1.0 


0.2 


1.0 


—0.5 


0.2 


2.0 


2.2 


20 


-0.3 


1.1 


0.6 


0.5 


-0.1 


0.8 


0.2 


1.0 


0.1 


1.0 


0.6 


0.2 


19 


2.1 


25 


-0.3 


1.0 


-oe 


0.5 


-01 


0.7 


0.2 


0.8 


00 


1.0 


-0.6 


0.1 


2.0 


2.1 


31 


-0.3 


0.6 


0.5 


0.4 


- O.I 


0.7 


O.'i 


0.8 


0.1 


0.9 


0.6 


0.0 


2.2 


2.0 


June...^. . 5 


-0 2 


0.5 


0.4 


0.4 


0.0 


0.6 


0.2 


0.7 


0.2 


0.7 


-0.7 





2.4 


2.8 


10 


—0.1 


0.4 


0.9 


04 


0.2 


0.6 


01 


0.7 


0.4 


07 


-07 


0.0 


2.4 


2.1 


15 


1.7 


0.4 


0.7 


05 


0.0 


0.5 


0.2 


0.7 


0.8 


0.7 


0.7 


O.O 


2.4 


2.3 


20 


1.7 


1.0 


0.6 


0.9 


-01 


0.6 


0.4 


0.6 


1.0 


0.8 


-0.6 


—0.2 


2.3 


2.2 


25 


2.5 


1.6 


l.l 


1.0 


0.2 


0.6 


1.3 


0.6 


1.0 


1.0 


—0.3 


—0.2 


2.3 


9 


30 


2.4 


2.3 


1.5 


1.0 


0.7 


0.5 


2.0 


0.7 


1.2 


1.3 


0.6 


—0.2 


2.3 


i!i 


July 5 


2.2 


2.5 


1.7 


1.1 


1.0 


0.7 


2.2 


1.3 


1.8 


1.2 


0.9 


-0 2 


2.8 


2.1 


10 


2.1 


2.5 


2.2 


1.5 


1.4 


0.8 


2.9 


1.5 


21 


1.2 


1.1 


0.4 


3.5 


2.1 


15 


2.3 


2.4 


2.7 


1.7 


2.1 


1.0 


3.1 


1.8 


3.2 


1.4 


1.4 


0.8 


4.0 


2.fi 


20 


2.8 


2.3 


3.4 


2.2 


3.4 


1.1 


3.6 


2.4 


3.2 


1.6 


2.5 


l.O 


4.6 


3..'> 


25 


3.2 


2.4 


4.9 


2.9 


3.8 


2.3 


3.9 


2.8 


7.3 


2.4 


3.8 


1.4 


5.4 


3.9 


31 


3.7 


3,0 


6.3 


4.5 


5.6 


3.1 


5.6 


3.4 


4.7 


2.8 


5.2 


2.6 


5.6 


4.9 


August... 5 


4.0 


3.3 


6.9 


5.9 


5.9 


4.6 


6.2 


5.0 


4.9 


3.6 


5.6 


4.1 


6.4 


5.1 


10 


r..i 


3.6 


7 4 


6.5 


7.2 


5.5 


7.2 


5.6 


5.4 


4.0 


6.3 


4.9 


7.1 


5.9 


15 


6.7 


5.2 


8.5 


6.9 


1" m 
t . / 


6.9 


7.1 


6.5 


5.8 


4.7 


7.2 


5.i 


1. / 


6.3 


20 


7.0 


5.6 


8.6 


7.3 


8.0 


6.9 


7.8 


6.5 


64 


4.6 


7.5 


6.0 


8.2 


6.9 


25 


7.3 


5.9 


8.7 


7.5 


7.8 


6.8 


7.6 


6.7 


6.1 


53 


8.1 


6.3 


8.4 


7.0 


31 


7.6 


6.2 


8.7 


7.6 


8.2 


6.9 


8.1 


6.6 


6 2 


5.3 


7.6 


6.6 


8.1 


7.1 


Septembers 


7 6 


6.3 


90 




8.2 


7.0 


8.5 


6.8 


6.3 


5.2 


8.1 


6.5 


7.9 


7.1 


10 


7.4 


6.3 


8.8 


8.0 


8 3 


7.2 


86 


7.1 


61 


5.3 


8.5 


6.8 


8.2 


7.0 


15 


7.3 


6.8 


8.7 


8.2 


8.U 


7.4 


8.4 


7.4 


6.0 


5.5? 


8.9 


7.2 


86 


7.2 


20 


7.2 


6.2 


8.4 


8.3 


7.7 


78 


8.3 


7.7 


6.0 


5.2 


8.9 


7.6 


H 3 


7.7 


25 


6.9 


6.2 


8.4 


8.4 


7.9 


7.7 


8.1 


8.f 


6.3 


5.1 


9.0 


7.9 


7.9 


8.0 


30 


6.5 


6.2 


8.2 


8.4 


7.9 


7.6 


7.7 


8.1 


6.1 


5.3 


9.1 


8.2 


7.7 


81 


October . . 5 


6.4 


6.1 


7.9 


87 


7.4 


7.6 


7.2 


7.9 


5.6 


5.2 


8.9 


8.4 


7.3 


7.9 


10 


6.1 


5.8 


7.6 


8.5 


7.1 


7.5 


6.8 


7.6 


5.2 


5.0 


8.5 


87 


7.0 


7.5 


15 


5.8 


5.6 


7.2 


8.3 


6.9 


7.4 


6.5 


7.7 


4.9 


4.9 


7.9 


8.V 


6.7 


7.6 


20 


5.4 


5.3 


6.6 


8.0 


6.7 


7.8 


5.9 


7.4 


4.6 


4.6 


7.6 


8 1 


6.4 


7.4 


25 


5.0 


5.8 


6.2 


l.i 


6.3 


7.6 


5.4 


7.1 


4.5 


4.4 


7.4 


1,'J 


6.0 


7.3 


31 


4.5 


5.3 


5.6 


7.0 


5.8 


6.9 


4.9 


6.0 


4.0 


4.2 


(3,S 


. 7.7 


5.5 


6.6 


November 5 ' 


4.1 


4.8 


5.2 


6.4 


5.5 


6.2 


4.6 


5.3 


3.7 


3.9 


6.3 


7.5 


5.2 


5.9 


10 


3.8 


4.6 


4.9 


5.6 


5.0 


5.6 


4.4 


4.9 


3.6 


3.6 


,5.9 


7.4 


4.9 


5.4 


15 


3.5 


4.4 


4.6 


5.3 


4.6 


5.2 


4.2 


4.5 


3.4 


3.7 


.'>.5 


6.9 


4.6 


5.0 


20 


3.3 


4.3 


4.3 


4.7 


4.4 


4.7 


4.1 


4.3 


3.2 


3.7 


5.2 


6.2 


4.4 


4.7 


25 


3.1 


4.1 


4.2 


4.5 


4.2 


4.4 


3.9 


4.1 


2.9 


3.5 


4.9 


5 5 


4.3 


4.5 


30. 


3.0 


4.0 


4.0 


4.3 


3.8 


4.1 


3.5 


3.8 


2.7 


3.1 


4.7 


5.5 


4.1 


4.3 


December 5 


2.8 


3.8 


3.7 


4.2 


3.6 


3.9 


3.4 


3.6 


2.5 


2.9 


4.5 


4.9 


4.0 


4.4 


10 


. 2.7 


3.4 


3.6 


4.0 


3.6 


3.7 


3.2 


3.4 


2.4 


2.7 


4.4 


4.7 


3.8 


4.0 


15 


2.5 


3.6 


3.4 


3.8 


3.4 


3.6 


3.0 


3.2 


2.2 


2.6 


4.2 


4.5 


3.7 


3.8 


20 


2.4 


3.5 


3.3 


3.6 


3.2 


3.5 


2.9 


3.1 


2.1 


i.5 


4.1 


4.4 


3.6 


3.7 


25 


2.3 


3.2 


3.2 


3.5 


3.1 


3.3 


2.8 


2.9 


2.0 


2.4 


3.9 


4.2 


3.5 


3.5 


31 


2.1 


2.9 


3.0 


3.3 


2.9 


3.2 


2.7 


2.8 


2.0 


2.3 


3.8 


4.0 


m| 


3.5 
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Table VI [continued']. 
AssuSia and Cairo gau^e readings from 1873 to 1892. 



April 



Mav 



Jun3, 



YEARS 



DATES 



January . . 5 
10 
15 
20 
25 
31 

February. •*> 
10 
15 
20 
25 
28 

March.... 5 
10 
15 
20 
25 
31 

. 5 
10 
15 
20 
25 
30 

. 5 
10 
15 
20 
25 
31 

. 5 

10 
15 
20 
25 
30 

. 5 
10 
15 
20 
25 
31 

. 5 

10 
15 
20 
25 
31 

September 5 
10 
15 
20 
25 
30 

October... 5 
10 
15 
20 
25 
31 

November 5 
10 
15 
20 
25 
30 

December 5 
10 
15 
20 
25 
31 



1880 



July 



August 



AssuSn 



3.3 
3.2 

3.1 
3.2 
3.0 
2.S^ 

2.9 

2.8 
2.8 
2.7 
2.6 
2.6 

2.5 
2.3 
2.3 
2.1 
2.0 
1.8 

1.7 
1.6 
1.5 
1.5 
1.4 
1.3 

1.2 
l.l 
1.1 
l.l 
1.1 
0.9 

09 

0.9 
1.0 
1.3 
1.4 
1.4 

1.7 
2.9 
3.8 
4.4 
.'>.4 
5.8 

6.2 
7.5 
7.2 
7.2 
6.8 
7.5 

77 

7.5 
7.3 
7.2 
7.2 
7.6 

7.0 
6.6 
6.0 
5.5 
5.0 
4.6 

4.2 
3.9 
3.7 
3.5 
3.3 
3.2 

3.1 

3.0 
2.9 
2.8 
2.7 
2.6 



Cairo 



1881 



Assuin 



3.4 
3.3 
3.2 
3.1 
3.0 
3.0 

2.9 
2.9 
2.9 
2.8 
2.7 
2.7 

2.6 
2.5 
2.5 
2.4 

2.2 

2.0 
1.8 
1.8 
1.7 
1.6 
1.5 

1.4 
1.3 
1.3 
1.6 
1.5 
1.4 

1.3 
1.2 
1.1 
1.2 
1.2 
1.4 

1.4 
1.5 
1.8 
2.8 
3.5 
4.7 

5.1 

2.0 
6.6 
6.4 
6.1 
5.9 

6.2 
6.2 
6.2 
6.2 
6.1 
6.1 

6.5 
6.2 
5.9 
6.1 
6.1 
5.9 

5.4 
4.8 
4.0 
3.8 
3.6 
3.4 

3.3 
3.1 
3.1 
3.0 
2.9 
2.8 



2.5 
2.3 
2.2 
2.1 
2.0 
1.8 

1.8 
1.7 
1.5 
1.4 
1.2 
1.2 

1.1 
1.1 

1.0 
0.9 
0.7 
0.6 

0.5 
0.4 
0.4 
0.3 
0.2 
0.2 

2 
0.0 
0.0 
0.1 
0.2 
0.2 

0.2 

01 

0.1 

0.3 
.6 

.8 



8 



0.9 
1.2 
1.8 
2.7 
2.9 
3.8 

5.0 
4.8 
6.5 
6.7 
7.3 
8.0 

8.0 
8.0 
8.0 

8.1 

7.9 
7.4 

7.1 
6.6 
6.3 
5.9 
5.5 
5.1 

4.8 
4.5 
4.2 
3.8 
3.6 
3.5 

3.2 
3.1 
2.9 
2.8 
2.7 
2.5 



Cairo 



2.6 
2.5 
2.4 
2.3 
2.2 
2.1 

2.0 
1.9 
1 8 
1.7 
1.6 
1.6 

1.5 
1.7 
1.6 
1.6 
1.^) 
1.3 

1.2 
1.1 
1.0 
0.9 
9 
0.8 

0.7 
0.7 
0.7 
0.6 
0.5 
0.5 

0.6 
0.6 
n.5 
0.5 

0.5 

0.6 

0.7 
0.9 
1.0 
1.3 
1.8 
2.3 

2.8 
4.0 
4.0 
4.8 
5.7 
6.0 

6.5 
6.7 
6.7 
6.7 
6.9 
7.0 

7.0 
6.9 

77 

7.4 

6.8 
6.0 

5.5 

4.9 
4.5 
4.2 
3.9 
3.7 

3.6 
3.4 
3.2 
3.1 
3.0 
2.8 



1882 



Assudn 



2.4 
2.4 
2.2 
2.2 
2.0 
2.0 

1.8 
1.7 
1.6 
1.4 
1.2 
1.1 

0.9 
0.8 
0.7 
0.6 
5 
0.4 

0.3 
0.2 
-0.1 
-0.3 
—0.3 
-0.1 

—0.1 
-0.2 
-0.2 
—0.3 
-0.3 
—0.3 

—0.4 
-0.4 
—0.4 

—0 5 

-0.4 

-1-0.4 

7 
0.9 
0.9 
S.6 
2.8 
3.4 

4.5 
5.4 
5.7 
7.0 
7.6 
76 

7.4 
7.1 
7.4 
7.4 
7.5 
6.9 

6.3 
6.0 
5.6 
5.4 
5.3 
5.0 

5.0 
5.0 
4.7 
4.4 
4.2 
3.9 

3.6 
3.3 
3.0 
2.9 
2.7 
2.6 



Cairo 



2.8 
2.6 
2.6 
2 A 
2.4 
2.3 

2.3 
2.1 
2.0 
1.9 
1.8 
1.9 

1.8 
1.6 
1.5 
1.4 
1.2 
1.2 

1.1 
1.0 
0.9 
0.8 
0.7 
0.7 

0.6 
0.5 
0.5 
0.5 
0.4 
0.3 

0.3 
0.3 
0.2 
0.2 
0.2 
O.l 

0.1 

0.4 
0.6 
0.7 
0.7 
1.4 

2.5 
3.3 
4.3 

4.8 
5.7 
6.7 

6.4 
6.3 
6.1 
6.2 
6.2 
6.3 

6.1 
5.8 
5.6 
6.0 
5.9 
6.4 

5.7 
5.4 
5.0 
4.8 
4.4 
4.2 

3.9 
3.6 
3.4 
3.1 
3.0 
2.8 



1883 



Assu§n 



2.5 
2.4 
2.3 
2.2 
2.1 
2.1 

2.0 
1.9 
1.8 
1.7 
1.7 
1.7 

1.6 
1.5 
1.5 
1.3 
1.3 
1.1 

0.9 
0.8 
0.7 
0.5 
0.4 
0.2 

0.2 
0.1 
0.1 

0.2 

0.1 

0.1 

O.I 
0.1 
0.2 
0.1 
0.4 
0.7 

1 5 
2.0 
2.4 
3.3 
4.0 
6.0 

7.0 
6.9 
7.1 
7.5 
8.0 
7.8 

8.0 

82 

8.0 
8.0 
7.6 
7.5 

7.0 
6.5 
6.0 
5.7 
5.6 
5.2 

4.8 
4.5 
4.2 
4.0 
4.8 
3.6 

3.5 
3.4 
3.3 
3.1 
2.9 
2.9 



Cairo 



2.8 
2.6 
2.6 
2.7 
2.4 

2 1 
2.1 
2.0 
1.9 
1.8 
1-8 

2.8 
1.7 
1.7 
1.7 
1.6 
1.7 

1.5 
1.4 
1.3 
1.2 
1.0 
0.8 

0.7 
0.6 
0.6 
U.5 
0.5 
0.5 

0.4 
0.4 
0-4 
0.3 
0.3 
3 

5 
0.8 
1.4 
1.7 
2.0 
3.2 

5.4 
6.2 
6.0 
6.0 
6.2 
6.5 

6.5 
6-6 
6.8 
7.0 
7.2 
7.3 

7.2 

7.8 
7.5 
7.1 
6.8 
6.1 

5.4 
4.9 
4.5 
4.2 
4.0 
3.8 

3.6 
3.5 
3.3 
3.2 
3.1 
2.9 



1884 



AssuSn 



2.7 
2.7 
2.6 
2.4 
2.4 
2.3 

2.3 
2.2 
2.1 
2.1 
2.0 
2.0 

1 9 
1.9 
1.8 
1.7 
1.5 
1.4 

1.2 
l.l 
1.0 
0.9 
0.9 
0.9 

0.8 
0.6 
0.6 
0.5 

0.4 

0.6 

0.6 
6 
0.6 
0.6 
0.5 
1.0 

1.4 
1.7 
1.9 
2.0 
2.6 
3.5 

4.2 

6.5 
6.5 
6.2 
6.3 
70 

7.6 
7.3 
7.0 
6.7 
6.7 
6.6 

6.2 
6.1 
6.0 
6.0 
6,1 
5.7 

5.2 
4.7 
4.4 
4.2 
3.9 
3.7 

3.5 
3.3 
3.1 
2.9 
2.8 
2.7 



Cairo 



2.8 
2.7 
2.6 
2.6 
2.4 
2.4 

2.5 
2.4 
2.3 
2.3 
2.3 
2.2 

2.2 

2.1 
2.2 
2.0 
1.9 

1.8 
1.7 
1.6 
1.6 
1.5 
1.5 

1.5 
1.4 
1.4 
1.4 
1.4 
1.3 

1.3 
1.3 
1.2 
1.2 
1.2 
1.2 

l.l 

1.5 

1.5 
1.7 
1.8 
2.0 

2.4 
3.3 
5.6 
5.6 
5.3 
5.4 

6.1 
6.0 
5.9 
5.8 
5.6 
5 7 

5.7 
5.6 
5.5 
5.6 

70 

6.4 

6.0 
5.1 
5.0 
4.5 
4.3 
4.0 



1885 



1886 



AssuSn 



2.5 
2.5 
2.4 
2.3 
2.2 
2.1 

2.0 
1.9 
1.8 
1.6 
1.4 
1.3 

l.l 
1.0 

0.8 
0.7 
0.6 
0.5 

0.4 
0.3 
0.2 
0.1 
0.0 
0.0 

-O.l 
-^0.1 
-0.2 
-0.2 
—0.3 
-0.4 

-0.4 
—0.4 

-0.4 

—0.4 

-0.2 
-0.9 

1.8 

O 9 

2.M 
3.5 
4.7 
6.4 

7.5 

7.3 
7.2 
7.2 

7.8 
7.9 

7.9 

80 

7.6 

7.1 
6.8 
6.5 

6.5 
6.4 
6.0 
5.5 
5.0 
4.6 

4.2 
3.9 
3 8 
3.4 
3.1 
3.0 



Cairo 



3.7 


2.9 


3.5 


2.8 


3.3 


2.6 


3 2 


2.5 


3.0 


2.4 


2.8 


2.2 







2.7 
2.6 
2.6 
2.5 
2.4 
2.^ 

2.5 
2.5 
2.5 
2.3 
2 3 
2.2. 

2 1 

1.9 
1.8 
1.8 
1,6 
1.6 

1.4 
1.4 
1.4 
1.3 
1.4 
1.3 

1.4 
1.4 
1.2 
1.2 
1.1 
l.l 

1.1 
1.1 
l.l 

10 

1.1 
l.l 

1.1 
1.4 
1.7 
1.9 
2.4 
3.8 

5.6 
6.4 
6.3 
6.1 
6.0 
6.3 

6.3 
6.5 
6.6 
6.7 
6.8 
6.7 

6.5 
6 4 

71 

6.9 
6.3 
5.4 

4.7 
4.2 
3.8 
3.6 
3.1 
3.4 

3.2 
3.2 
3.1 
3.0 
2.9 
2.9 



AssuSn 



2.1 
2.0 
1.9 
1.7 
1.5 
1.3 

1.2 
1.1 
0.9 
0.8 
0.« 
0.7 

0.6 
0.5 
0.5 
0.4 
0.4 
0.3 

0.3 
0.2 
0.1 
0.2 
0.2 
O.l 

0.1 
0.1 
0.2 
0.3 
0.1 
0.0 

00 

o.l 

0.4 

O.i 
0.6 
0.8 

1.2 
1.6 
1.7 
2.3 
2.7 
4.4 

4.7 
5.8 
7.5 
7 3 
7.3 
7.2 

7.3 
7.9 

7 9 

7.8 
7.8 
7.3 

6 7 
6.1 
5.8 
5.4 
5.1 
4.7 

4.3 
3.9 
3.7 
3.5 
3.3 
3.3 

3.4 
3.3 
3.1 
3.0 
2.7 
2.5 



Cairo 



2.7 
2.7 
2.6 
2.8 
2.4 

2.3 
2.3 
2.5 
2.4 
2.2 
2.2 

2.0 
2.0 
2.1 
2.1 
1.9 
1.7 

1.7 
1.8 
1.7 
1.4 
1.3 
12 

1.2 
13 
1.2 
1.2 
1.2 
1.3 

1.2 

12 

1.2 
1.2 
1.2 
1.3 

1.2 
1.3 
1.4 
1.6 
1.7 
2.1 

3.0 
3.7 
4.9 
6.0 
6.1 
6.1 

6.0 
6.0 
6.3 
6.4 
6.5 
6.9 

6.8 

77 

6.6 
6.4 
6.6 
5.6 

5.0 
4.3 
3.9 
3.6 
3.4 
3.3 

3.2 
3.3 
3.3 
3.2 
3.0 
2.S 
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Table VI Icontiriuecf]. 
Assu&n and Cairo gauge readings from 1873 t> 1892. 





^=^ 


1 


^^SB 






1 




1 





1 




1 


4E.\^ OF 20 m%i 


TEARS 


1887 


1888 


1889 


1890 


1891 


1892 


KKUX 

1873 to 1892 


DATES 


AssuHn 


Caifo 


Assuin 


Csiro 


AssuSn 


Cairo 


AssuSn 


Cairo 


Assuin 


Cairo 


AssuSn 


Cairo 


AssuIn 


Cairo 


January . . 5 


2.5 


2.7 


2.8 


2.8 


1.5 


1.8 


9 9 


2.2 


2.8 


2.8 


2.6 


2.7 


2.6 


2.8 


U) 


2.4 


2.6 


2.7 


2.7 


1.* 


1.8 


2.1 


2.1 


2.7 


2.7 


2.5 


2.6 


2..T 


2.7 


15 


2.3 


2.5 


2.6 


2.6 


1.3 


1.7 


2 


2.1 


2.6 


2.5 


2.4 


2.4 


2.3 


2.6 


20 


2.2 


2.4 


2.4 


2 5 


1.1 


1.7 


1.9 


1.9 


2.5 


2.4 


2.3 


2.3 


2.2 


2.5 


25 


2.1 


2.3 


2.3 


2 4 


0.9 


1.6 


1.8 


1.9 


2.4 


2.3 


2.2 


2.2 


2.1 


2.4 


31 


2.0 


2.3 


2.1 


2 2 


0.7 


1.5 


1.6 


1.8 


2.2 


2.2 


2.0 


2.1 


2.(» 


2.3 


February. 5 


1 8 


2.2 


1 9 


2.1 


0.6 


1.4 


1 4 


l.ft 


2.4 


2.2 


1.9 


2.0 


1.9 


2.2 


10 


1.7 


2.1 


1.7 


2.0 


0.5 


!.4 


1.2 


1.7 


1.9 


2.2 


1.7 


2.1 


1.7 


2.2 


15 


1.5 


2.0 


1 5 


1.8 


4 


1.4 


1.0 


1.6 


1.5 


2.1 


1.6 


2.0 


1.6 


•?.l 


20 


14 


2.2 


13 


1.8 


0.3 


1.3 


0.8 


1.5 


1.4 


2.0 


1.4 


2.0 


1.5 


2.0 


25 


1.2 


1.8 


1 3 


1.7 


02 


1.3 


0.8 


1.6 


1.2 


1.9 


1.2 


1.9 


l.i 


1.9 


28 


1 1 


1.8 


1 2 


1.7 


0.2 


1.2 


0.6 


1.5 


1.1 


1.8 


1.0 


1.9 


1.3 


1.9 


March.... 5 


1.0 


2.0 


0.1 


1.7 


0.1 


1.2 


0.5 


1.5 


0.9 


1.8 


0.9 


1.8 


1.2 


1.^ 


10 


0.9 


1.9 


0.9 


1.6 


0.0 


1.2 


0.4 


1 4 


0.8 


1.7 


0.8 


1.7 


1.1 


1.x 


15 


O.K 


1.8 


0.8 


1.5 


-0.1 


1.2 


0.3 


14 


0.6 


1.8 


0.6 


1.7 


1.0 


1.7 


20 


0.7 


1.7 


0.8 


1.4 


0.0 


1.2 


0.2 


1.4 


0.5 


1.6 


0.5 


1.7 


0.9 


1.6 


1:5 


0.5 


1.5 


0.7 


1.4 


-0.1 


1.2 


2 


1.4 


0.4 


1.6 


0.4 


1.6 


0.8 


1.6 


31 


0.3 


1.3 


5 


1.4 


-0.2 


1.2 


0.0 


1.2 


0.3 


1.6 


0.3 


1.8 


0.6 


1.5 


April 5 


0.2 


1.2 


0.4 


1.3 


—0.3 


1.1 


1 


1.3 


0.3 


1.8 


0.2 


1.8 


0.5 


1.5 


^ 10 


0.2 


1.2 


0.4 


1.3 


-0.3 


1.1 


-0.2 


1.3 


0.2 


1.8 


0.0 


1.8 


0.4 


1.4 


15 


0.1 


1.0 


0.4 


1.3 


-0.3 


1.1 


—0.3 


1.3 


0.1 


1.8 


-0.1 


1.8 


0.4 


1.3 


20 


0.1 


1.2 


0.3 


1.3 


-0 4 


1.1 


-0.3 


1.2 


O.l 


1.8 


-0.1 


1 7 


0.3 


1.3 


25 


0.1 


I 2 


0.3 


1.2 


-0.4 


1.1 


—0.3 


1.2 


-0.1 


1.7 


-0.2 


1.7 


3 


1.2 


30 


0.0 


08 


2 


1.3 


-0.5 


1.1 


-0.4 


1 2 


-0.2 


1.7 


—0.3 


1.8 


0.2 


1.2 


May 5 


0.0 


1.1 


0.1 


1.2 


-0.4 


1.1 


—0.5 


1.2 


—0.2 


1.7 


-0.4 


1.7 


0.2 


1.1 


10 


0.1 


1.1 


0.1 


1.2 


—0.5 


1.1 


-0.5 


1.2 


-0.1 


1.7 


—0.4 


1.7 


0.1 


1.1 


15 


0.3 


1.0 


0.1 


1.2 


-0.6 


1.1 


-0.5 


1.2 


-02 


1.7 


-0.4 


1.7 


0.1 


1.1 


20 


0.2 


1.1 


0.2 


1.2 


-0.6 


1.1 


-0.5 


1.2 


— (L2 


10 


—0.5 


1.7 


0.0 


1.1 


25 


0.1 


1.; 


O.l 


1.2 


-0.5 


1.0 


—00 


1.2 


0.0 


1.6 


-0.4 


1.5 


00 


1.0 


31 


0.3 


1.2 


0.0 


1.2 


-0.6 


1.0 


-0.6 


1.0 


0.0 


1.6 


-0.6 


1.4 


0.1 


1.0 


June 5 


O.fi 


1.2 


-01 


1.1 


-00 


1.0 


-0.5 


1.0 


0.1 


1.7 


-00 


1.4 


0.1 


0.9 


10 


0.4 


12 


0.0 


1.1 


—0.4 


1.0 


-0.4 


1.0 


0.6 


1.7 


—0.5 


1.4 


0.2 


0.9 


15 


0.4 


1.1 


0.1 


10 


-0.5 


0.9 


-0.3 


09 


1.5 


1 7 


—0.5 


1.3 


0.4 


OS 


20 


0.9 


1.1 


0.2 


1.0 


-0.5 


1.0 


-0.1 


1.0 


1.7 


1.7 


—0.4 


12 


0.5 


0.9 


25 


1.3 


1.1 


0.4 


1.1 


-0.4 


1.0 


0.3 


1.0 


1.8 


1.8 


-0.2 


1.^ 


0.7 


1.0 


30 


1.4 


1.2 


0.6 


1.2 


-f-0.1 


0.9 


0.5 


1.1 


1.7 


2.0 


—0.2 


1.3 


1.1 


1.1 


July 5 


1-8 


1 5 


0.8 


1.2 


0.5 


09 


0.8 


1.3 


1.7 


2.2 


0.6 


1.4 


1.4 


1.1 


^ 10 


2.1 


1.5 


0.9 


1.2 


0.9 


1.0 


1.7 


1.7 


1.9 


2.2 


1.0 


l.H 


1.8 


1.3 


15 


2.8 


1.7 


1.2 


1.3 


1.2 


1.2 


2 


1.8 


2.1 


2.2 


1.6 


1.7 


2.3 


1.:' 


20 


3.9 


1.8 


1.4 


1.3 


1.8 


1.2 


2.6 


1.9 


2.2 


2.2 


2.4 


2.1 


2.9 


1.8 


25 


4.r> 


2.9 


3.1 


1.3 


3.1 


1.4 


3.0 


2.0 


2.a 


2.3 


3.8 


2.2 


3.7 


2.2 


31 


5.9 


3.9 


3.4 


1.6 


5.8 


1.8 


5.7 


2.3 


4.6 


2.3 


5.4 


2.7 


5.0 


2.9 


August... 5 


6.9 


5.2 


4.9 


2.1 


5.7 


4.2 


6.3 


4.4 


5.4 


3.2 


6.3 


3 9 


5.7 


4.! 


10 


8.1 


6.3 


6.1 


3.5 


6.5 


4.« 


7.0 


5.6 


6.8 


4.2 


6.8 


5.3 


6.6 


4.9 


15 


8.4 


6.9 


6.3 


4.9 


6.8 


5.3 


7.8 


6.1 


7.0 


5.7 


6.7 


5.8 


7.0 


5.7 


kO 


8.5 


7.0 


6.2 


5.3 


7.4 


5.5 


8.0 


6.3 


7.4 


5.8 


7 4 


5 4 


7.3 


5.9 


25 


8.4 


7.2 


70 


5.7 


7.7 


6.0 


8.4 


6.5 


7.7 


5.9 


8.3 


5.8 


7.6 


6.2 


31 


88 


7.1 


6.8 


5.7 


88 


6.2 


88 


6.8 


7.6 


6.2 


8 3 


6.6 


7.8 


6.4 


Septembers 


8.7 


7.4 


6.9 


5.7 


8.3 


6.7 


8.5 


7.0 


7.9 


6.3 


8.6 


6.9 


79 


6.5 


10 


8.7 


7.7 


7.0 


5.8 


7.9 


6.8 


8.2 


7.2 


7.8 


6.4 


S.S 


7.1 


7.9 


6.7 


15 


8.6 


8.1 


6.« 


5.8 


8.0 


6.8 


8.2 


7.3 


7 9 


5.8 


8.8 


7.5 


7.9 


6.8 


20 


8.4 


8.3 


6.4 


5.7 


7.8 


7.0 


8.0 


7.5 


7.9 


6.4 


8 9 


7.9 


7. . 


6.9 


25 


8.1 


84 


6.4 


5.6 


7.7 


7.0 


7.8 


7.5 


7.8 


6.5 


8.6 


8.1 


7.6 


7.0 


30 


7.7 


».3 


6.0 


5.5 


7.3 


7.1 


7.6 


7.5 


7.6 


6.6 


8.4 


8.3 


7.4 


71 


October . . 5 


7.1 


8.1 


5.6 


5.1 


6.9 


7.1 


7.4 


7.4 


7.1 


6.4 


8.2 


84 


7.0 


6.9 


10 


6.8 


8.0 


5.1 


4.8 


6.7 


71 


7.2 


7.^ 


6.8 


6.3 


7.8 


8.3 


6.7 


6.9 


15 


6.4 


7.7 


4.7 


4.4 


6.5 


7.1 


7.2 


7.4 


6.5 


6.3 


7.4 


8.1 


6.3 


6.8 


20 


6.0 


7.3 


4.4 


4.1 


6.0 


6.9 


6.8 


7.4 


6.7 


7.0 


7 2 


7.9 


6.0 


6.8 


25 


5.6 


6.8 


4.0 


3.8 


5.4 


6.4 


6.5 


7 


6.3 


72 


6.8 


7.9 


5.7 


6.7 


31 


5.1 


5.9 


3.5 


3.7 


4.8 


6.2 


6.3 


7.1 


5.8 


6.9 


6.3 


7.8 


5.2 


6.2 


November 5 


4.8 


5.2 


3.2 


3.7 


4.4 


5.3 


5.8 


6.7 


5.5 


6.3 


5.7 


7.2 


4.8 


5.6 


10 


4.5 


4.7 


2.9 


3.1 


4.1 


4.5 


5.3 


6.1 


5.3 


5.6 


5.3 


6.4 


4.5 


5.1 


15 


4.3 


4.3 


2.7 


2.8 


3.7 


4.0 


4.9 


5.4 


5.1 


5.0 


5.0 


5.6 


4.2 


4.7 


20 


4.0 


4.0 


2.5 


2.6 


3.5 


3.6 


4.6 


4.8 


4.8 


4.8 


4 6 


4.8 


4.0 


4.3 


25 


3.8 


3.8 


2.4 


2.4 


3.3 


3.4 


4.2 


4.3 


4.4 


4.4 


4.4 


4.4 


3.8 


40 


30 


3.6 


3.7 


2.2 


2.3 


3.0 


3.1 


4.0 


4.0 


4.1 


4.2 


4.1 


4.2 


3.6 


3.8 


December 5 


3.5 


3.5 


2.2 


2.2 


2.8 


2.9 


3.8 


3 8 


3.7 


3.8 


3.9 


3.9 


3.4 


3.6 


10 


3 3 


3.3 


2.1 


2 2 


2.8 


2.7 


3.7 


3.6 


3.5 


3.6 


3.8 


3.7 


3.2 


3.4 

A A 


15 


3.2 


3.1 


1.9 


2.2 


2.6 


2.6 


3.5 


3.4 


3.3 


3.3 


3.6 


3.5 


3.1 


3.3 


20 


3.1 


3.0 


1.9 


2.0 


2.5 


2.5 


3.3 


3.3 


3.2 


3.2 


3.5 


3.3 


3.0 


3.2 


25 


3.1 


2.9 


1.8 


1.9 


2.4 


2.4 


3.1 


3.2 


3.0 


3.1 


3.4 


3.2 


2.9 


3.0 


31 


2.9 


2.9 


1.6 


1.9 


2.3 


2.3 


2.9 


3.0 


2.8 


2.9 


3.3 


3.1 


2.7 


2.9 
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TABLE VII. 



Discharge table of the Upper Egypt canals. 



A low Nile flood is 6.4 metres 

A mean Nile flood is 7.5 » ^ at AssuAn. 

A high Nile flood is 8.3 » 



The discharges of the Upper Egypt canals C3rresponding to the Assuin gauges 

are appoximately as follows : — 



Assu&Q 



G.O 


1300 




.1 


1370 




.2 


1440 




.3 


1510 




.4 


1580 — 


 Low Nile flood. 


.5 


1650 




.6 


1720 


• 


.7 


1790 




.8 


1860 




.9 


1930 




7.0 


2000 




.1 


2070 




.2 


2140 




•3 


2210 




.4 


2280 




.5 


2350 — 


Mean Nile flood. 


.6 


2420 




.7 


2490 




.8 


2560 




.9 


2630 




8.0 


2700 




.1 


2770 




.2 


2840 




.3 


2910 - 


High Nile flood. 


.4 


2980 




.5 


3050 




.6 


3120 




.7 


3190 




.8 


3260 




.9 


3330 




9.0 


3400 
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TABLE VIM. 



Mean loiv ivater level ot the Nile, 



DISTANCE 
FROM ASSOAN 
ALONG CENTRE 

OP FLOOD 





70 

IOC 

157 

194 
213 
272 
320 
328 
333 
365 
373 
390 
429 
• 470 
505 
530 
598 
627 
666 
710 



• • 



800 



• • 



898 
900 
923 



NAME OP LOCALITY 



AssuSin 

Geb8l Silsila 

Edfu 

Esna 

Armant 

Luxor 

Kena 

Kasr-es-Saad 

Heu 

Naga Hainadi 

Abu Shusha 

Balyana 

Girga 

Soh^g 

Khaz'mdaria 

Aboutig Escap3 

Assiout (1). 

Ddrut Escap3 

Roda 

Minia 

Belli Maz&r • . 

B9niSuSf(2) 

Ashmant 

Kushesha Escape 

EI-Ay&t 

Cairo gauge 

Cairo 

The Barrage 



R.L. 

ACCORDING 

TO RESERVOIR 

LEA'ELS 



85.0 

79.3 

76.7 

73.1 

70.1 

69.0 

65.3 

61.7 

61.2 

61.0 

58.6 

58.3 

56.9 

53.8 

49.9 

47.7 

45.55 

39.1 

36.3 

32.6 

28.9 

22.1 

20.5 

18.9 

15.8 

12.10 

12.00 

11 



R.L. 

ACCORDING 

TO INSPECTORS 

OP 

IRRIGATION 



85.0 

7914 

77.0 

72.6 

69.6 

68.5 

64.8 

61.2 

60.7 

60.5 

58.1 

57.8 

56.5 

53.2 

49.4 

47.1 

41.05 

38.5 

35.7 

32.0 

• a 

21.8 

20.2 

18.6 

15.5 

12 25 

UM 

11.0 



DISTANCE 

FROM ASSUAX 

ALONG 

SUMMER 

CHANNEL 





72 



. . 



!i30 



489 



552 



. . 



748 



842 



. • 



948 
973 



(1) Below Ibrnhimia Cannl Head. 

(2) The Beni Su6f gauge is unreliable in summer as it is on a branch of Uie river which is dammed 
by the villagers. 
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TABLE IX. 



Slope of -water surface in the Nile. 



From 



Assu&n 



Silsila 



Kasr-6&-Saad 



Khazindaria. 



Assiout 



Beni Maz&r. 



Ashmant. 



Cairo 



Assu&Q 



To 



Silsila 



Kasr-es-Saad . . * 



Khazindaria.... 



Assiout 



Bani Maz&r. 



Asbmant 



Cairo 



Barrage. 



Cairo 



DISTANCE 

IN 

KILOMETRES 

DOWN 

THE CENTRE 

UNE 

OF THE 

FLOOD 



70 



250 



150 



60 



180 



90 



100 



23 



900 



DISTANCE 

IN 

KILOMETRES 

DOWN 

THE SUMMER 

CHANNEL 



72 



258 



159 



63 



196 



94 



106 



25 



948 



SLOPE 
IN 

FLOOD 



11500 



148U0 



123UU 



11800 



IIUOO 



IIUOO 



116U0 



1U80U 



12200 



SLOPE 
IN 

SUMMER 



12t5UO 



14800 



134UU 



1450J 



118U0 



11400 



12300 



20000 



13000 
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TABLE X 



Maximum flood gauges of 1892. 



5 

Q CO 


LOCAUTt 


GAUGE 


r. 

< 

Q OQ 


LOCALITY 


GAUGE 


< 

S 2? 


LOCAUTT 


OA06K 


M 3) 
O 

K 






g 






o 









Assukn 


8.9 


300 


Kena (continued). 


9.3 


600 


• 

AssiouUeontioned) 


8.2 


10 




8.8 


10 




9.2 


10 




8.2 


20 




8.7 


20 


Kasr-es-SaJid . . 


9.2 


20 




8.2 


30 


t 


8.7 


30 




8.8 


30 




8.3 


40 




8.6 


40 




8.8 


40 




8.3 


50 




8.6 


50 




8.9 


50 




8.3 


60 




8.5 


60 




8.9 


60 




8.3 


70 


Gebel Silsila . . 


8.5 


70 




8.8 


70 


M inia •• 


8.3 


# \J 

80 




8.6 


80 




8.7 


1 v/ 

80 




8.3 


90 




8.6 


90 


Girga 


8.6 


90 




8.3 


100 




8.7 


400 




8.6 


700 




8.3 


10 




8.7 


10 




8.7 


10 


Beni-Mazar. . . . 


8.3 


20 




8.9 


20 




8.8 


20 




8.2 


30 




9.0 


30 


Sohag 


8.9 


30 




8.1 


40 




9;1 


40 




9.1 


40 




8.0 


50 




9.1 


50 




8.9 


50 




7.8 


(M) 


Esna 


9.1 


60 
70 


Khazii^daria... 


8.9 
8.9 


60 
70 




7.8 


70 




7.7 


80 




9.2 


80 




8.8 


80 


Beni Su6f..... 


7.8 


90 




9.3 


90 




8.6 


90 




8.0 


200 


Armant 


9.4 


500 




8.5 


800 


Ashmaat 


8.2 


10 




9.4 


10 




8.5 


10 




8.5 


20 




9.3 


20 




8.3 


20 


Kushesha 


8.5 


30 




9.3 


30 


Assiout 


8.2 


30 




8.4 


40 




9.2 


40 




8.2 


40 




8.1 


50 




9.1 


50 




8.2 


50 




8.1 


60 




9.0 


60 




8.2 


60 




8.1 


70 


Kena 


8.9 


70 




8.3 


70 




8 2 


80 




9.0 


80 




8.3 


80 




0«M 

8.2 


90 




9.2 


90 


• 


8.3 


90 




8.2 














900 


Cairo 


8.3* 














10 




7.8 














20 


Barrage 


7.3 



* Tliis difl'ei*s by 10 centimetres from the gauge on i>nge 22 ns there is tliis diffei*enee between the 
Reservoir levels and the Irrigation Department levels. 
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TABLE XL 



Table giving areas of cross sections of the NUe, from Assuan to Cairo. 



W /^ /^ A ¥ ¥TV 


LENGTH 

IN 
KILOMETRES 




MEAN , 


IkREA IN SQUARE METRES 




LOCALIl 1 


BELOW ZBKO 


BEUOW 
t HETRIIS 


BELOW 
1 METRES 


bBLOW 
8 METRES 


BELOW 
8.5 METRES 


BELOW 
9 METRES 


AssuSin to Hani^di 

RaiQ&di to Elsna 


81 

76 

115 

158 

98 

138 

117 

34 

81 

24 


1024 
674 
852 
973 

1037 
899 
915 
665 

1031 

1402 


4930 
4554 
4476 
4718 
5220 
5149 
5035 
5040 
5364 
5414 


5808 
5461 
5336 
5600 
6305 
6205 
6007 
6080 
6388 
6628 


6754 
6398 
6221 
6535 
7705 
7783 
7315 
7532 
7813 
8346 


7337 
6966 
6726 
7121 

8683 
8845 

8r.>6 

^379 
8648 
9258 


7993 
7695 


E!sna to Kena • 


7.S63 


Kena to Soh^c 


7873 


Soh^sr to Assiout 


9749 


Assiout to M'nia • • 


9937 


Minia to Beni-Suef 

Beni-Suef to Koshesha .... 

Koshesha to Cairo 

Cairo to the Barrage 


9140 

9247 

9495 

10184 


Assuan to Assiout 

Assiout to Koshesha 

Koshesha to Cairo 


528 

289 

81 


920 

870 

1030 


4760 
5080 
5360 


5680 
6100 
6380 


6690 
7550 
7810 


7310 
8510 
8640 


8080 
9520 
9490 


Assu&n to Cairo 


898 


910 


4930 


5890 


7080 


7830 


8690 






LOCALITY 


LENGTH 

IK 
KIIOHETSES 




MEAN 


AREA IN S 


.QUA RE M 


ETRES 




BELOW ZERO 


FROM ZERO 
TO 6.0 


tBOn 6.0 

TO 'i.O 


rnoji 7.0 
TO 8.0 


FROH 8.0 
TO 8.5 


FROM 8.5 
TO 9.0 


Assu&Q to RamMi 

Ramftdi to Esna 


81 

76 

115 

158 

98 

138 

117 

34 

81 

24 


1024 
674 
852 
973 

1037 
899 
915 
665 

1031 

1402 


3906 
3880 
3624 
3746 
4183 
4250 
4120 
4375 
4333 
4012 


878 

9;)7 

86;) 

881 

1085 

1056 

972 

1040 

1024 

1214 


916 

937 

885 

935 

1400 

1578 

1308 

1452 

1425 

1717 


583 
568 
505 
586 
978 
1062 
881 
847 
835 
912 


056 
729 


Esna to Kena 


637 


Kena to Sohaer 


752 


SohafiT to Assi'jut 


1066 


Assiout to Minia 


1092 


Minia to Beni-Suef 

Beni-Su6f to Koshesha .... 

Koshesha to Cairo 

Cairo to the Barrage 


944 
868 
847 
926 


Assu&n to Assiout 

Assiout to Koshesha 

Koshesha to Cairo 


528 

'289 

81 


920 

870 

1030 


3840 
4210 
4330 


910 
1020 
1020 


1010 
1450 
1420 


610 

960 
830 


760 

1000 

840 


Assuan to Cairo 


898 


910 


4010 


960 


1190 


740 


860 




\j\^\^ 
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TABLE XII. 



Table of the cubic contents of the trough of the Nile in millions of ctibic metres. 



LOCALITY 



AswSn to Ramali 

Ramadi t ) Esna 

Esna to Kena 

Kena to Sohag 

Sohag to Assiout 

Assiout to Minieh 

Miaieh to Beni Su6f ...... 

Beni Suef to Kushesha.. . . 

Kushesha to Cairo 

Cairo to the Barrage 

AswSin to Assiout 

Assiout to Kushesha 

Kushesiia to Cairo 

AswSn to Cairo 



V) 



81 

76 

115 

128 

98 

138 

117 

34 

81 

28 



528 

289 

81 



898 



CONTENTS IN MII.I-I0N3 
OP CUBIC METRES. 



HKLOW 
IRRn 



83 



ni 



98 
154 
102 
124 
1(J7 



23 



84 
34 



487 

254 

84 



825 



PR(»M 

ZRHO 

TO 



316 
295 



417 



5D2 
410 
586 
482 
149 
351 
96 



2030 

1217 

351 



3598 



FROM 

A.O 

TO 

7.0 



711 
69 
99 
139 
106 
146 
114 



35 



83 
29 



484 

295 

83 



862 



7.0 
TO 
8.0 



71 
102 
148 
137 
218 
153 

49 
115 

41 



534 
420 
115 



1069 



8.0 

TO 

8.5 



47 
43 
58 
83 
96 
147 
103 
29 
68 



22 



327 

278 

68 



673 



TO 
0.0 



53 

56 



119 
104 
151 

110 






69 
22 



405 

291 

69 



765 



CONTENTS IN MILLIONS 
OF CUBIC METRES 



HE LOW 
ZERO 



83 
51 



93 



154 
102 
124 
107 



23 



84 
34 



487 
254 



84 



825 



BCLOU 


NEIOU 


• 

HBLOW 


(t.O 


7.0 


SO 


399 


470 


547 


346 


415 


480 


514 


614 


715 


745 


885 


1032 


512 


618 




710 


856 


1074 


589 


703 


856 


171 


207 


256 


434 


517 


633 


130 


159 


200 


2517 


3001 


3535 


1471 


1766 


2186 


435 


518 


(133 


4423 


5285 


0354 



BELOW 
8.5 



594 
529 
773 

1125 
851 

1220 
859 
285 
700 



222 



3862 
2461 



eeuiw 
•.II 



647 

585 

847 

1344 

955 

1371 

1069 

314 

769 



244 



4267 
2755 



701 770 



7027 



7792 
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From 



Assu&n . 
Ramadi 



Esna. 
Kena. 



Sohag, 



Assiout, 
Minieh . 



Beni Suef. 
Kushesha 



Cairo. 



Assu&n, 
Assiout 



Kushesha 



Assu&a. 



TABLE XIII. 



Widths of vrater surface trova Assuan to Cairo. 



To 



Ramadi 



Esna 
Keaa 



Sohag 



Assiout 
Minieh 



Beni Suef. 
Kushesha. 



Cairo 



Barrage, 



Assiout 



Kushesha 



Cairo 



Cairo, 



400 
340 
350 
380 
400 

am 

490 
500 
450 
440 



37J 
460 
450 



430 



MEAN WIDTH OP WATER SORPACB 



6.0 



840 
850 
820 
870 

1000 
970 
960 

1000 
960 
940 



880 
980 
960 



940 



7.0 



880 

890 

850 

890 

1170 

1180 

1300 

1390 

1100 

1460 



940 
1290 
1100 



1110 



8.0 



1030 
1030 
940 
1000 
1720 
1890 
1550 
1690 
1570 
1840 



1140 
1710 
1570 



1470 



8.5 



1270 
1260 
1120 
1300 
2080 
2060 
1800 
1720 
1700 
1860 



1410 
1860 
1700 



1660 



9.0 



1400 
1620 
1400 
1560 
2170 
2080 
1840 
1730 
1700 
1890 

1630 
1880 
1700 

1740 



Assuilin . 
Assiout. 
Assu§n. 



Area of water surface in millions of square metres. 



Assiout 



Cairo 
Cairo. 



200 
130 
4C0 



470 
280 
840 



500 

370 

1000 



600 

490 

1320 



740 

540 

1490 



860 

540 

1560 



Evaporation (at 8 millimes per day) in cubic metres per second. 



Aasu&n. 
Assiout 
Assu&n. 



Assiout 
Cairo.. 
Cairo. . 



20 
13 

40 



47 
28 
84 



50 

37 

100 



60 

49 

132 



74 

54 

149 



86 

54 

156 
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TABLE XIV 



Table giving dates and heights of the real Tninimtim at the Assuan gauge. 



1873. 



5th JUQ3, 



1874 30th May, 

1875 23r(l May 



Mimxrai gauge of the tear i^ nnny 

— .37 Metres. 

— .64 

— .17 



1876 15th June + .13 

1877 27th May -f .10 

1878 23r(l June — .71 Worst low supplj. 

1879 23rd May + 1.88 Best low supply. 

1880 9th June + .82 

1881 14th May + .00 

1882 23rd June — .55 

1883 22nd June + -04 

1884 27th May + .37 



1885 21st Jun3 



— .44 



1886 3rd June — .06 

1887 8th May — .03 

1888 8th June — .08 



1889 ;.. 24th June 



— .60 



1890 8th June — .60 



1881 19th May. 

1892 18th June 



— .21 

— .64 



7 Years are above and 13 years are bellow the mean low water level. 
The mean of the miniraums is — 0.08 metres. 
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TABLE XV. 



Table giving the dates and the heights of the maximum flood at Assuan. 



OAUGB. 

1873 1st September 7.66 metres. 

1874 6th September 8.97 

1875 11th September 8.36 

1876 7th September 8.68 

1877 20th August 6.40 



1878 1st October 9.15 



1879 13th September 8.59 

1880 4th September 7.82 

1881 4th September 8.14 

1882 28th August 8.00 — 22iid September 7.60 

1883 17th September 8.18 

1884 1st Septe uber 7.73 

1885 28th August 8.05 — lOth September 8.00 

1886 22n(l September 8.04 

1887 1st September 8.81 

1888 24th August 7.08 

1889 2ml September 8.36 

1890 2nd September 8.72 

a89l 4tli September 7.84 — 27th September 7.84 

X892 20th S3pt3mb3r 8.88 



The mean of the maximums is 8.17 

A mean high flood is 7.90 metres. 
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TABLE XVI 



Table sho'wing the amount of Tvater virhich reaches the Sea in an avez^ge year. 



From Table II, the mean discharge at Gairi) =: 2G10 cubic metres per second. 

The Delta Canals absorb for the irrigation of Lower Egypt : — 

January 300 cubic metres per second. 

February 300 

March 300 

April 3a) 

May 350 

June 400 

July 500 

August 1000 

September 1200 

October 1200 

Novemb3r 500 

December 300 

Mean for the year 550 cubic metres per seond. 

.•. The mean discharge to the Sea = 2610 — 550 = 20(^0 cubic mHres per second. 
Or 65,000,000,000 cubic metres per annum. 

As the average rainfcill in the Nile basin has been found to the 2,633,030,000,000, the 
water which reaches the Sea— -^th of the rainfall. 
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TABLE XVII. 



Table giving the tons of solid matter carried of the sea in an average year. 



June 

July 

August. . . . 
September 
October . . . 
November < 
December. , 
January. . , 
February., 
March .... 

April 

May , 



DISCHARGE 

OP THE 

NILE AT CAIRO 

M' PER SECOND 



410 
1010 

5280 

7200 

6860 

3740 

226{) 

1590 

1120 

800 

550 

430 



DISCHARGE 

OP THE 

DELTA CANALS 

M' PER SECOND 



410 
5U0 

1030 
1200 
12(X) 
500 
300 
300 
300 
300 
300 
350 



DISCHARGE 

ENTERING THE SEA 

M^ PER SECOND 




510 

4280 

6000 

5660 

3240 

1960 

1290 

820 

500 

250 

80 



Solids carried in suspension 



June 



July 



X 



510 X 



6.9 



August 4280 X 

September 6000 X 



October 5660 X 



Norember 3240 X 



December 1960 X 



January 1290 X 

February. 820 X 



March 500 X 



April 250 X 



May 



80 X 



lUO.UOO 

17,8 
100.000 

149.2 
100.000 

54.3 
100.000 

37.8 
100.000 

34.4 
100.000 

28.9 
lOO.UOO 

16.7 
100.000 

12.6 
lOO.OUO 

5.3 
100.000 

6.6 
100.000 

4.8 
100.000 



MEAN. 



M* PKR SKCOMD 

= 0.000 



= 0.098 



= 6.386 



3.258 



= 2.139 



= 1.114 



.566 



.205 



.103 



.026 



.016 



.004 



1.1596 



Total quantity of solids carried to the sea ia one year 365X1.1596x86,400=36,569,000 
cubic metres or say 36,600,000 tons. 
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TABLE XVIII. 



Cairo gauges corresponding to Assuan gauges if Basin irrigation 

is changed into perennial irrigation. 



±874 



DATE AT ASSUAN 


GAIOKS 

AT 
ASSUAN 


Df<CHARGi-lS 

AT 

A*SIA!« 


WATER 

OONM MPTION 

ASM'AH 

Xn CAIRO 


TROIGH 

OP MI.K 

ASSUAN 

TO r.viRO 


DISCHARGE 

AT 

CAIRO 


G M'GBS 

AT 

CAIRO 


DATE AT CAIRO 


August 


5 


6.9 


7600 


—1020 


—1000 


5580 


• 5.8 


10th August. 


D 


10 


7.4 


8600 


d,) 


d) 


6580 


0.4 


15th » 


» 


15 


8.5 


11500 


do 


d) 


9480 


7.8 


20lh » 


B 


20 


8.6 


11800 


(i.) 


di 


9780 


7.9 


25th » 


» 


25 
31 


8.7 
8.7 


12100 
12100 


do 
do 


d) 

do 


10080 


8.1 


31st » 


» 


10080 
10780 


8.2 
8.3 


5th September. 


September... 


5 


9.0 


128(J0 


do 


d) 


10th » 


» 


10 


8.8 


11800 


do 





10780 


8.4 


15th • 


» 


15 


8.7 


11500 


do 


+500 


10980 


8.5 


20th » 


i» 


20 


8.4 


1C<500 


do 


do 


10080 


8.2 


25th » 


» 


25 
30 


8.4 
8.2 


10600 
10050 


do 


d) 
do 


10080 


8.2 


30th » 


» 


9430 
8780 


7.9 
7.6 


5th October. 


October 


5 


7.9 


930) 


d) 


do 


10th » 


» 


10 


7.6 


8600 


do 


+700 


8280 


7.4 


15th •> 


» 


15 


7.2 


7800 


do 


do 


7480 


7.0 


20th » 


» 


20 


6.6 


06: JO 


da 


• • 

do 


6280 


6.3 


25th » 


» 


25 
31 


6.2 
5.6 


6000 
5100 


do 
do 


d) 
do 


5680 


5.9 


31st » 


» 


4780 
4:80 


5.3 
4.3 


5th November. 


November . • . 


5 


5.2 


4500 


do 


do 


10th 
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Table XVIII [continued]. 

Cairo gauges corresponding to Assuan gauges if Basin irrigation 

is changed into perennial irrigation. 



±878 



DATS AT A3SUAN 


OAUSES 

AT 
A8SVAII 


DISCHAROBS 

AT 

ASSUAN 


WATia 

CONSUMPTION 

ASSUAN 

TO CAIRO 


TROCOH 
or NILE 

ASSUAN 
TO CAIRO 


DISCHARGES 

AT 

CAIRO 


GAUGES 

AT 
CAIRO 


DATE AT CAIRO 


August 5 

» 10 
» 15 
» 20 
» 25 


5.6 
5.3 
7.2 
7.5 
8.1 
7.6 


5400 
6500 
8200 
8600 
10000 
8800 


-1020 
do 
do 
do 
do 
do 


-800 

do 

do 

do 

do 
+800 


3580 
4680 
6380 
6780 
8180 


4.4 
5.2 
6.3 
6.5 
7.3 


10th August. 
15th » 
20th » 
25th » 
31st » 


» 31 


8580 

8680 

9880 

11180 

10880 

11180 


7.5 
7.5 
8.0 
8.5 
8.4 
8.5 


5th September. 


September.... 5 
» 10 
» 15 
» 20 
» 25 


8.1 
8.5 
8.9 
8.9 
9.0 
9.1 


10300 
11500 
12800 
12500 
12800 
13200 


do 
do 
do 
do 
do 
do 


—600 
do 
do 
do 
do 
do 


10th T> 
15th » 
20th » 
25th » 
30th » 


» 30 


11580 

11480 

10680 

9080 

8380 

7980 


8.6 
8.6 
8.4 
8.0 
7.4 
7.2 


5th October. 


October 5 

» 10 
» 15 
» • 20 
» 25 


8.9 
8.5 
7.9 
7.6 
7.4 
6.8 


12100 
10900 
9300 
8600 
8200 
7000 


do 
do 
do 
do 
do 
do 


+400 
+800' 

do 

do 

do 

do 


10th » 
15th » 
20th » 
25th » 
31st » 


» 31 


6780 
5980 


6.6 
6.1 


5th NoTember. 


November ,... 5 


6.3 


6203 


do 


do 


10th » 
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Table XVIII [continued]. 

Cairo gauges corresponding to Assuan gauges if Basin irrigation 

is changed into perennial irrigation. 



±892 



DATE AT ASSUAN 


GAIOBS 

AT 
ASSUAN 


DISCHARGBS 

AT 

ASSl'AN 


WATER 

CONMMPTIOri 

ASSCAH 

TO CAIRO 


TROL'GH 
OP n 1 1. B 

ASSUAN 
TO CAIRO 


DlSi.HARGES 

AT 

CAIRO 


GAUGES 

AT 
CAIRO 


DATE AT CAIRO 


August. . . . 


.. 5 


6.3 


6450 


—1020 


—800 


4630 


5.1 


10th August. 


» 


10 


6.8 


7400 


do 


d) 


5580 


5.8 


15th •• 


» 


15 


6.7 


7000 


do 


do 


5180 


6.2 


20th » 


D 


20 


7.4 


8600 


do 


do 


6780 


6.5 


25th * 


1 


25 
31 


8.3 
8.8 


10900 
109 JO 


do 
do 


do 
do 


9080 


7.7 


31st » 


» 


9080 
9980 


7.7 
8.0 


5th September. 


September. 


.. 5 


8.6 


11800 


do 


do 


10th . 


9 


10 


8.8 


12500 


do 


do 


10680 


8.3 


15th » 


» 


15 


8.8 


12500 


do 


do 


10680 


8.3 


20th » 


D 


20 


8.9 


12800 


do 


do 


10980 


8.4 


25th > 


» 


25 

3;) 


8.7 
8.4 


11500 
10600 


do 
do 


+400 
+800 


10880 


8.4 


30th » 


» 


10380 
9830 


8.3 
8.1 


5th October. 


October.... 


.. 5 


8.2 


1050U 


do 


do 


10th » 


» 


10 


7.8 


9030 


do 


do 


8830 


7.7 


15th » 


» 


15 


7.4 


8200 


do 


do 


7980 


7.2 


20th » 


» 


20 


7.2 


7800 


do 


do 


7580' 


7.0 


25th » 


» 


25 
31 


6.8 
6.3 


7000 
6150 


do 
do 


do 
do 


6780 


6.6 


31st > 


» 


5930 
5030 


6.1 
5.6 


5th November. 


November . 


.. 5 


5.7 


5250 


do 


do 


10th » 
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Table XVIII [ontinued]. 

Cairo gauges corresponding to Assuan gauges if Basin irrigation 

is changed into perennial irrigation. 



±877 



DATE AT ASSUAN 


GAUGES 

AT 
ASSUAN 


DISCHARGES 

AT 

ASSUAN 


WATER 

CONSUMPTION 

ASSUAN 

TO CAIRO 


TROUGH 

OF NILE 

ASSUAN 

TU CAIRO 


DISCHARGES 

AT 

CAIRO 


GAUGES 

AT 

CAIRO 


DATE AT CAIRO 


August 


5 


4.8 


4200 


800 


—300 


3100 


3.9 


10th August. 


» 


10 


5.4 


5100 


—1020 


do 


3780 


4.6 


15th » 


» 


15 


5.8 


5700 


do 


do 


4380 


5.0 


20th » 


» 


20 


6.4 


6500 


do 


do 


5180 


5.5 


25th » 


» 


25 
31 


6.1 
6.2 


5800 
6000 


do 
d.) 


do 
do 


4480 


5.1 

• 


31st T> 


» 


4680 
4880 


5.2 
5.3 


5th September. 


September . . . 


5 


6.3 


6200 


do 


do 


10th » 


• 


10 


6.1 


5800 


do 


+200 


4980 


5.5 


15th » 


» 


15 


6.1 


5700 


do 


do 


4880 


5.4 


20th » 


» 


20 


6.0 


5700 


do 


do 


4880 


5.4 


25th » 


» 


25 

30 


6.3 
6.1 


6200 
5800 


do 
do 


do 
do 


5380 


5.6 


30th » 


» 


4980 
4280 


5.4 
5.0 


5th October. 


October 


5 


5.6 


5100 


do 


do 


10th B 


» 


10 


5.2 


4500 


do 


do 


3680 


4.0 


15th » 


» 


15 


4.9 


4200 


—950 


do 


3450 


4.4 


20th » 


» 


20 


4.6 


3800 


—900 


do 


3100 


4.0 


25th » 


» 


25 
31 


4.5 
4.0 


3600 
3100 


—850 
—800 


do 
do 


2^>50 


3.9 


31st » 


» 


25J0 
2300 


3.5 
3.3 


5th November. 


NoTember . . . 


5 


3.7 


2800 


-700 


do 


10th » 
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M^ F. G. M. SIDNEY'S REPORT 



ON THE 



lOPOSED REGULATING APPARATUS FOR THE RESERVOIR DAMS 



APPENDIX IV. 



OPEN RESERVOIR BARRAGES ON THE NILE. 



The writer now his the honour 1 1 respond fully to the invitation of Mr. Willcocks to 
prepare a report with design and estimate on the best method of controlling the waters of the 
proposed Barrages on the Nile. 

The writer has spent much time and labour in considering the matter very fully. 

He has, at the outset, been impressed with the responsibility of the task of co-operating 
in a work of such immense importance to Egypt. 

It is impossible to overestimate the effects of these Barrages on the prosperity and wealth 
of the country, and to ensure their perfect operation, it is imperative to have such appliances 
as will ensure the effective and absolute control of the waters, at all times and under all 
conditions. Thus impressed, the writer has not only prepared designs and estimates for the 
construction and erection of the necessary Sluices, but he also suggests that his firm should 
work and maintain them for a term of years, thus affording the continued benefit of his 
experience in working and maintaining the apparatus. 

In the special circumstances of the case, it is probable that those most interested in the 
success of the Barrages ^ill appreciate a willingness to undertake this continuing skilled 
supervision and responsibility. 

The writer is prompted thereto by his long experience in such matters, he having been 
engaged in designing, constructing and maintaining Sluices for about 25 years past in great 
varieties of cases some of which are more i)articularly referred to at the end of this document. 
In the present case, he understands that each Barrage and Reservoir is of extent as to 
require : — 

70 Sluices 10 metres high by 2 metres wide, to lift 10 metres clear of Sill, under a total 
head of 22 metres ; and also 30 Sluices 10 metres high by 2 metres wide to lift 10 metres clear 
of sill under a total head of 15 metres. All the Sluices are of ample strength to meet the 
utmost onditions, and may safely be used to discharge water under the extreme head, when 
the floor of the Barrage is dry on the down sti*eam side. 

Discharging any volume of water under this maximum head, is not a question of the 
fitness of the Sluices, but of the effect in the river bed and banks below the Sluices. 

The writer regards with satisfaction the prospect (f the whole structure being founded 
on the solid rock ; the floors of the Sluiceways being secui-ely let into, and scaled closely 
to the solid bottom, will have the effect of making the whole of the masonry practically 
monolithic in character. 

The writer does not propose to intrude on fhis part of the subject, as he does not understand 
that he is asked to take any responsibility with regard to it, but that his duties would be 
limited to the provision of sufficient control of waterway through the dams. 

Plans giving the levels of water in the Reservoirs, and the masonry proposed, were 
furnished to the writer by Mr. Willcocks, and based upon these he now submits: — 

1. A general plan of the work. 

2. An enlarged drawing giving full outline and dimensions of the grooves necessary to 
be made in the masonry to receive the Sluices. 

F. S. are the fixed shields or aprons extending from the top of the Sluices S to the 
tmderside of the masonry coping. S are the Sluices, or doors, mounted on the writer*s well 
known patent system of" free rollers ". 
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The surface exposed to the pressure is smo< th and without projections of any kind; the 
doors are thus able to pass closely but freely wilhin and behind the aprcns or shields above 
alluded to. 

Both are made of substantial ste^l plates suitabh^ stiffened to withstand the pressure 
which is calculated as 350 tons on each door. Great as this land undoubtedly is, it can easily 
be dealt with under the writer's free roller system, f>r by that method the co-efficient of 
resistance for lifting the door is only .0)16 of the load. The dead weight of the door is of 
course balanced. 

Although its movement is rendered thus easy, the writer proposes nevertheless to give 
very powerful gear for opening and closing in order to ensure the advantages of slow speed 
movement, which is found by experience to be of great importance. 

A. A. are the roller paths of receiving the free rollers ; they are secured to the masonry 
and also to cross beams built into the masonrv. Each sluice has f )ur such beams, the bottom 
beam being flush with the floor : The top one is ab)ve the level of the Sluice opening. These 
two beams are of such length as to extend from the^centreof one pier to the centre of the 
next, and being bolted together at their ends, they form one continuous tie. 

The two intermediate beams divide the height into convenient parts and are equal ia 
length to the thickness of the piers at that part. 

Whilst the top and bottom beams couple the roller pathsof one Sluice in pairs, the 
intermediate beams couple the neighbouring roller paths of adjacent Sluices. 

This system affords perfect facility for the true erection of the work in place, because 
the beams and roller paths form a complete forme work capable of being put completeljr 
together at the factory before being sent out. 

They are all truly planed and fitted and so can be readily re-erected in place. This must 
be done as soon as the floors are laid, and they then form the guides for building up the 
masonry correctly and in true form to receive the Sluices. 

The aprons and doors are of mild steel and are so constructed as to be practically 
composed of beams throughout, s) as to be perfectly stiff and unyielding under the heavy 
pressure to whicli they will be subject. Each vertical edge of the door is furnished with a 
massive roller beam, planed throughout it's length for the purpose of working truly on the 
free rollers, which in their turn bear on the roller beams A fixed on the masonry which 
have been already alluded to. 

The roller beams and rollers are plac'vl in recesses in the masmry, so contrived as to be 
well out of the way of the passing current, the entrances to the Sluice Ways being also 
designed with the sam3 object in view. 

Stop grooves are shewn in the masonry, so that any Sluice can be at any time isolated 
and examined. The writer suggests this provision as a matter of prudence. As a matter of tact, 
he has Sluices which have been at work upwards or 10 years without requiring examinaliou 
or repair any kind. 

It has been already remarked that the Sl;iice doors are balanced. Two steel wire ropes 
are fixed at each sides of the door, each one of them capable of sustaining the full load. Thus, 
if for any cause it should be desired to remove a rop, it can be easily dme. These ropes are 
carried up to the operating deck and pas.^ed over pulleys of large diameter, and their other 
ends are attached to the balance weights, which are adjusted with due regard to the average 
immersion of the Sluices on the down stream sides. The weight of the doors is thus almost 
entirely eliminated and the resistance of their movement is limited to the friction on the live 
rollers due to the load and the friction on the axles of the pullies. 

It has already been remarked that the former is only .0016 of the load : the latter 
is also reduced in like manner by mounting the bearings of the axles in rollers properly 
prepared for them. )&y these means, the power required to move the doors under the heaviest 
pressure is so little that one man can open and close the doors without effort, and of coursa 
in perfect safety to himself. From this, it results that it is only necessary to provide one S6t 
of purchase gear for every two Sluices, and it is so arranged that one man can, at will* 
regulate either dojr singly or both together. 
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It may here be observed that this extreme facility of movement is the explanation of the 
remarkable durability of the Sluices constructed on the writer's system. Where no effort is 
required, it is clear that strains of all kinds, and the wear and tear consequent thereon are 
avoided. 

The confidence which the writer thus expresses with regard to the easy control which 
he can provide is the outcome of long and patient experience in the construction of all kinds 
of Sluices for varying purposes and in circumstances of ever increasing magnitude and 
importance. 

For instance, the Sluices already alluded to, as having been at work ten years without 
repair, are situated at Lough Erne, and control the whole water-shed of the country for 
50 miles, and yet they can be so easily handled that a child can, and does frequently, make 
the necessary regulation, although the load on each four doors is 100 tons. 

Again on the Manches ter Ship Canal there are 120 of these doors for various purposes 
and of varying sizes. Thirty two of them are nine metres wide, and many of them are also 
eight metres high, and have a static load of 310 tons on each door. In one case there are 10 
such doors in one group, lor controlling the waters of the river Weaver ; 4;hese have been at 
work and in the daily use for three years, without a hitch of any kind; 

In every case, these large doors are moved easily by one man and therein lies their 
durability and trustworthiness. Such results are not to be attained by any cheaper methods, 
and all such contrivances as doors on fixed rollers, doors with inclined laces, doors with 
partial flotation chambers, are entirely inapplicable to present case — the true way of 
obtaining control is to remove friction (and as far as possible displacement ) and therein 
lies the writer's success. 

It may be not out of place here to mention that the writer has lately been entrusted to 
enclose the waters of the river Thames by a series of his Patent Sluices. In this case, each 
door is 20 metres wide. One door is already erected in the Thames, and the others are in 
course of erection. 

These doors are all moved by hand power only. 

A set of Sluices for another River have been recently designed each door 12 metres wide 
and 13.5 metres high, total load 1,000 tons. 

In conclusion, the writer begs to express the conviction that there is no part of this work 
which cannot be carried out with perfect confidence in its complete success, and there is no 
mystery in it : its magnitude requires only bold, skilful and liberal treatment keeping 
always in view, the great national character of the work and the supreme importance of its 
durability. 

An estimate of cost is subjoined. 



(Signed) : F. G. M. Stonby, M. I. C. E. 



Ipswichj July 7th, 1893. 
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Ipswich, July 7th, 1893, 



W. WiLLcocKS, Esq. 



Inspector General of Reserooirs^ 

Cairo, Egypt. 



Dear Sir, 



We have examined and discussed with Mr. Stoney the plans of proposed Sluices forthe 
Nile Barrages and our estimate for each Barrage stands as fallows : — 

70 Sluices 2 metres X 10 metres and lifting 10 metres under a head of 22 metres, also 
30 Sluices of the same size and same lift, but under a head of 15 metres only. 
To be ^ade, delivered and erected at Assouan worked and maintained by us, at our cost, 
for a period of three years, for a total sum of One hundred and seventy eight thousand, 
eight hundred pounds, we finding all our own Cranes, tackle and appliances, but having the 
use of any rails and means of access to the site, it being understood that we are to erect our 
■work only at such times as the site is kept dry for us (without cost to. us) by any necessary 
damrs and pumping. Such provision will no doubt be made for the construction of the 
foundations and masonry, and our work could be erected at the same tima. 

We are willing to enter into a contract to the above effect with all usual terms and 
conditions. 

Your*s truly, 



(Signed): Bansombs & Rapier. 
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DESCRIPTION AND STRENGTH OF EGYPTIAN STONES. 



The building stones in Egypt are Syenite, Nubian Sandstone and limestone of the tertiary 
formation. Specimens of the different classes of stone were sent to Professor Hudson Beare of ' 
University College London, to be tested and the following is an epitome of his report. His 
calculations were all made in pounds and square inches and I have reduced them to kilo- 
grammes and square centimetres. 

( 1 lb. per square inch = .07 kilogrammes per square centimetre ). 

( 1 kilogramme per square centimetre — 14.2 lbs. per square inch). 



GLASS OF STONE 



Liimestone from Old Cairo 



WEIGHT 

OF A 

CUBIC METRE 

IN KILOGRAMS 


CRUSHING 

LOAD 

IN KILOGRAMS 

PER SQUARE 

CENTIMETRE 


2560 


1045 


2560 


801 


2580 


1121 


2390 


1051 


2590 


1068 


2760 


1245 


2610 


1056 



ABSORPTION 

OF WATER 

PER CENT 

OF 

CRT WEIGHT 



.80 
1.09 
1.27 

.73 

.75 



REMARKS 



.93 



All except the 5th were 2— cubes. 
The 5th was a W' cube. The 
2nd specimen had crystalline 
hollow spaces in interior. 



Mean of 18 cubes. 



limiestone from the Tura 
quarries. 



2310 


367 


4 27 


2330 


523 


4.35 


2340 


589 


4.02 


2430 


566 


2.36 


2490 


708 


1.40 


2380 


551 


3.28 



All 2 -J cubes. 



Mean of 15 cubes. 



Black Diorite. 



2790 
2810 


1279 
1348 


•25 
.12 


2800 


1313 


.19 



All r cubes. 



Mean of 5 cubes. 



Red Syenite. 



2640 
2640 


1307 
1530 


.13 
.26 


2640 


1418 


.20 



All 2" cubes. 



Mean of 6 cubes. 



Nubian Sandstone. 



1850 


152 


11.16 


1860 


112 


9.91 


1890 


202 


10.32 


1950 


264 


9.87 


1880 


183 


10.31 



All 2 -1" cubes. 



Mean of 12 cubes. 
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Limestone from Old Cairo, Th»s is a dense crystallinB stone, slatey grey, greyish white 
and creamy in colour ; the greyish white was the densest and strongest. 

Limestone from Tura. This is a somi-crystalliue stone, not dense, creamy in colour; 
the denser the stone the stronger. 

Black Diorite from Assndn. A micaceous diorito with rather fine crystals. 

Red Syenite from Assudn, A granite with large pink flat cristals of felspar. 

Nubian Sandstone. This is a coarse silici)us sandstone, with little cementing material, 
of a whitish colour. Tiie denser the stronger. 

From each block of Old Cairo and Tura limestone and Nubian sandstone 9 cubes were 
sawn out and the bed faces of each cube rubbed smo>th and parallel. These were all 2— inch 
cub3s, except from one block from Old Cairo which had sid^s of 3 inches. 

. From the Syenite and Diorite blocks rough pieces were cut out by chisels and wedges 
and dressed to siz3 by chisels and then finally rubbed down to 2 inch cubes. 

The following tests were made : density, absorption of water, crushing strength. 

Density and weight. Each specimen after thorough drying was carefully weighed, its 
volume calculated and therefrom its density. 

Absorption of water. Two specimens of each block were, after weighing, immersed ia 
distilled water at air temperature, and kept there for 7 days. They were then taken out. at 
once wiped dry and re weighed. The gain of weight represents the water absorbed. 

Crushing strength. The bed faces of the cubes were strickled over with a thin layer of 
plaster of Paris ; these were then rubbed quite smooth and parallel, and m testing, these 
faces were applied directly to the dies.of the machine. All the cubes were tested when quite 
dry. The load was gradually increased fiom Zero to crushing load, if any cracking occurred 
at lower loads than the actual breaking load, the fact was noted. 

Old Cairo Limestone, The heaviest block had the greatest crushing strength. The 
cubes began to crack at loads which were 50 per cent of the crushing loads, differing very 
much in this respect from the granites. The water absorbed was small but distinct. 

Tura Limestone. The densities vary from 2.31 to 2.49, and the crusching strength 
from 367 to 708 kilograms per square centimetre. The denser the stone the stronger. The 
densest stone approaches those from Old Cairo. The greater the density the less the water 
absorbed. The cracking load is not much under the breaking load. 

Black Diorite from Assudn. — Red Syenite from Assudn. The Syenite is less dense 
than the Diorite, but it is distinctly the stronger stone. These granites are practically non- 
absorbent. The dampness of surface cause the trifling additional weight. 

The cracking and ci ushing load is ona. 

The Diorite is very difficult to work and refuses to split at Ihe wedge lines. The Syenite 
is easy to work and splits along the wedge lines. 

Nubian Sandstone.. The denser blocks are 'much stronger than the less dense. The 
cracking and crushing weight is one. This stone is exceptionally poor and absorbs an 
extraordinary quantity of water. The stone is more like an English Oolite than a sandstone. 
A series of 4* cubes when crushed gave a compressive strength over 50 per cent in excess of 
the 2-- cubes. 

The coefficients of elasticity of Old Cairo and Tura limestone are 500,000 and 350,000 
kilogrammes per square centimetre resp3ctively. — The sa ne as hard English dolomites. 
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APPENDIX VI. 



STREN&TH OF EGYPTIAN MORTARS. 



In order to test the strength of the hydraulic mortars of Egypt, a continuous series of 
tensile and compressive experiments has been made. The tensile tests were made with 
briquettes of a minimum section of 1 square inch, while the cubes which were crushed had 
a side of 5 centimetres. The crushing machine was not a delicate one and needed frequent 
adjustmants ; these adjustments were often the cause of the cubes being broken quite 
independently of any weakness in the mortar. We also found it were difficult to get the two 
surfeces which touched the crushing boards perfectly smooth and parallel to each other 
Taking the above into consideration, I have been able to place little reliance on the 
compressive experiments, and have preferred multiplying the tensile strengths by 10, and 
cansidering the results as the ompressive strengths. 

The limes tested were the fcllowing : — 

Fat Cairo lime fr.)m the Bata el Bakkar quarry. 

Fat SUsila lime fi-om the Raghama quarry, of a white colour. 

Fat S'tsila lime from the Raghama and Patera, of arfarfecolour. 

The limest>ne was burnt and slaked, and then used fresh. The puzzuolana was made 
from rich black Nile deposit, burnt to a dark red colour, and then ground and sifted. It was 
likewise used fresh. The sand was quartz sand from the ditsert. The puzzuoiana classed as 
coarse was sifted through a sieve of 400 meshes to the square inch, and that called fine was 
sifted through a sieve of 901) meshes to the inch. The coarse sand passed through a sieve of 
400 meshes to the inch, but was retained on a sieve of 900 meshes to the inch. The fine sand 
was sifted through a sieve of 900 meshes to the inch. 

The slaked lime and pjzzuolana were mixed dry in the proper proportions and then had 
water added to them. A portion was taken from the mass, stirred in a mixer for two 
hours, and then made into briquettes. The briquettes were left in the moulds for 24 hours, 
then put into darapsand for 6 days, and finally into water fir 6 months Joss a week. At the 
end of 6 months from the day of moulding they were broken. The mass of the mortar was 
put into motal troughs and kept wet, and briquettes were made daily from it till it was 
expended. In some cases 18 days elapsed between the making of the mortar and the moulding 
of the briquettes. 

Twelve briqu3ttes were always made ; six were broken after 6 month?, and the rest will 
be broken when 12 months have elapsed. So far we have broken after 12 months, none of the 
briquettes made of the good proportions and good ingredients mentioned in the table ; but 
judging from the results with the inferior mixtures, we may fairly anticipate a gain of 50 per 
cent in the strength of the mortars after 12 months as compared to the 6 months tests. 

The bast proportions for the ingredients have been found to be as follows: — 
1 part by measure of slaked fat lime, 
1 Vi parts of measure of fine pozzuolana. 
1 part by measure of coarse desert sand. 

By way of comparison, briquettes and cubes were made of the well known Theil lime 
from France, of which espFsctaliy good specimen bags were ordered. This lima is so wall 
known and appreciated, that the comparative tests prove conclusively that in Egypt we hava 
the materials for manufacturing a really first class hydraulic mortar. 

Hydraulic moriar made of the Cairo lime is stronger if used 10 days after manufacture 
than is used fresh. Both the Silsila lime mortars are distinctly stronger however if used 
fresh, than if they are allowed to stand even for 24 hours. These lattei mortars decrease ia 
strength steadily as they get blder. 
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Briquettes and cubas are also madu of mixturt^s of 4 lim.', 8 sand and 1 cement, aad 10 
lima, 5 sand and 1 cement. These were the pro|»rtions o( the mortars tised ai the new 
Puentes and Villar dams in .Sp:iin (mentioned in Appandix I, pages 12 and 13), It la verj 
evident from the tests recorded at the bottom of tlic table that the Egyptian limestones are 
not at all suited for mortars made of thesa ingiedicnt^i. 

Finally, briquettes were made of finally jx)unded unburnt clay, sifted through sieves ol 
5,000 meshes to the inch, and mixe*! with limeand sand, or a lime alone. The bast proportion 
was 2 lime, 1 sand and 1 unburut clay, but the tests recorded at the bottom of the table prove 
that the use of unburnt clay is attended with risks and results in a mortar of me<liocre 
strength . 

Rubble masonry at the dams could be constructed with poizuolana mortar at a rate oi 
45 piastres per cubic metre, while in the estimates I have entered 80 piastres, 100 piastres 
and 150 piastres per cubic metre, according to the proportion of the face work which is to 
be built of cement mortar. The rates allowed are accjrdingly excessively liberal. 

Tensile strength of mortars in kilogrammes per square centimetre. 

BRIQDETTE3 TESTED SIX MONTHS APTER MANUFACTORE. 

(Multiply hy 14.2, (o obtain jioundN pci' squnre iiicli). 



Briquelles of 10 Lime, t Cement and 5 Sand were brolten al 8 kilogrommes per square cenlimelift 

> 4»1»8 > i>7 •  • 

> 2 u i Sond, and 1 unburnt stiff clay were broken at lO kilog. j>er square cenlim. 
In Ihc cose of the last briquettes, tlie mortar had to be put into the moulds immediately afler il *■* 

ade, as the least delay resulted in the briquettes cither cracking ormelticig away when [ilaced in va'^''- 
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GEOLOGY OF THE NILE VALLEY FROM WADY BALPA TO CAIRO.* 



The second CataracE, or the Batn el Haggar terminates at the Khor Musa, about 8 kilo- 
letres South of the cantonments at Wady Halfit. Some fifty kilometres Soutli of Halfii is 
irras, the Egyptian frontier station and the most southerly point visited by the Reservoir 
urvey party. Between Sarras and Kh6r Musa the rocks are plutonic, principally diorite, 
he hornblende is generally in excess of the felspar, and the dlorlte has a very black 
ipearance. There is an occasional outcrop of syenitic diorite, but the latter stone is rare, 
itwen Sarras and Abka, on a length of 30 kilometres, the Nile lias a comparatively clear 
lannel, open t) navigation all the year round. North of Abka, the river is broken up into 
umarous channels and there is a series of very severe rapids. The diorite Iiaa a general fall 
estwards and disappears under Nubian sandstone on the left bank from near Akba north- 
anls. The river has been working away in a westerly direction and is engaged eating 
»ay the sandstone. Plates 30 and 31 contain cross sections of the pJssiWe sites for dams in 
le second Cataract North of Sarras. Dams here would be very expensive while the quantity 
" water contained in the reservoirs would be inconsiderable. As seen from the rock of 
busir, the second Cataract has a mean appearance. The sandstone hills on the west are 



( Figure 1 ). 






,(t.a^^ 




Cross section oT the Nile Valley 



unded off sandy knolls and featureless to a degree, while the dyorite on the E^st looks like 
aps of broken up coal at countless pits' mouths. The river itself runs in deep narrow 
annels between black islands, covered here and there with a scanty Tegetatioa. The diorite 



• Professor Sickenberger has kindly read and coprecle<i this Appendix and supplied me wiUi the 
)les at ihe end and a Bmall Geological map by Professor Mayer Eymar who has studied and named 
ne of our fossils. 
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is generally very inferior and so finely laminated that it wt^ithers very easily. Occasionally 
however, the laminae are coarso and compact and look like dark slates. Large blocks are 
rare. Specimens of all th») diffenmt rocks meet with hfUweni Sarras andKhfirMiisa have been 
collected and deposited in the geological museum formed by Professor Sickenberger at the 
Scho >1 of Medeciuf). 

Plutonic From the foot of the second Cataract to Assuan, the f )ot of the fii'st Cataract, the Nile 

rooks between traverses 310 kilometrrvs of Nubian sanristone and 40 kilometres of plutonic rocks. The 
and^As^ftn pl^^^^^c rocks are met with at the following ix)ints : — 

Abkh6r (67 kilometres fi*om the first Cataract); here there is a slight outcrop of 
laminated diorite in the bed (»f the Nile. 

Kalabsha (kilometres 54 to 40 from the first Cataract) ; here we have in the bed of the 
river a considerable quantity of syenite • and a quartz diorite which has the apparance of 
basalt. Pegmatite and p )rphyry are also met with. The diorite is very hard and brittle, and 
the stone at the proposed site of the Kalabsha reservoir dam is generally gi>od and durable, 
though the Nile has cut through the barrier without leaving any trace of a cataract. 

Deb6d to Assui^n (kilometres 30 from the fii*st Cataract to the Cataract, and 5 kilo- 
metres of the first Ca- araci) ; the rocks here are diorites and schists improving in quality as 
one approaches the first Cataract whore there is an extensive outcrop of syenite and quartz 
diorite. These rocks are very hard and compact and well suited for the site of a reservoir 
dam* •. Figures (2) to (10) give rv>:igh sketches of the different classes of rocks met with 
b3tween Assuin and Haifa, while the two water colour drawings in the general atlas give a 
very correct idea of typical granite and sandstone. 

Nubian '^'^^ Nubian sandstone is a silicious sandstone, sometimes white, but more often dis- 

sandBtone. c:)loured red b}^ iron ; it is occasionally yellow. Generally speaking the whiter to rock, the 
batter. The strata are either horizontal or very nearly so. The layers of sandstone have 
interposed between them a syenite marl of a violet colour, the dr'com position of the felspar 
of the syenites and diorite which form the plutonic ixxiks of Nubia. These violet coloured 
strata arc* very thick and numerous at Wady Haifa and decrease gradually as one advances 
northwards where their place is taken by a yell«)w marl. The stratum of sandstone imme- 
diately above the plutonic rocks is composed of very oarse pebbles as large as hens'eggs. 
The pebbles are principall}- quartz, clay slate and flints proving that the Nubian sandstone 
is not earlier than cretace<)us. The stratum ab)vethisis a very coarse sandstone which 
crumbles away when touched, but as one ascends vertically the stone becomes finer. ITiere 
is a complete abst>nce cf fossils. Very occasionally strata are met with which contain traces 
of salt or lime, but these two substances are very rare indeed. 

The violet coloured earthy strata crumble away when ex|X)sed in a vertical section, but 
where a stratum comes to the surface, the uppermost layers become covered with black 
blisters which increase in size and form eventually round hollow black balls which cover the 
face of the desert. These are the infernal bombs which Sir Samuel Baker describes so 
graphically in his account of the desert journey from Abu Hamed to Korosko. There is alsoa 
stratum of red sandstone which on coming to the surface hardens into verified looking masses. 
Some of these bombs and stones are of the most fantastic shapes. I have de|X)sited many 
specimens in the Museum. Some are like vitrified bricks, some are like petrified wood with 
hollow cores, others are like holl)w cannon balls, and others again are like hollow fish. 
Outside is a hard metallic substance and inside is sand. They must have been caused by the 
action of the sun through the long hot dry Nubian summer. One can see the blLHers and 
blebs in every stage of formation, as one goes through the desert. 

• By syenilo I mean AssuAn grnnite. 

•• Tlie site of I he catnraci is covered with deep cups worked in the granite by the play of boulders 
and pebbles whicti cannot eso-ape. 
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Whenever the^e bombs and balls cover the hills, there is no flying sand and the deserts 
are clean, the Nila valley is cultivated and tliere is no fear from sand-drifts. Where 
these metallic substances do not exist the sandstone hills are ia full rlecay, and the sand flying 
of the hills fills up the valleys, and we have the ideal wilderness. The western bank of the 
Nile is buried under sand and cultivation is confined to the right Bank. 

In the School of Medecine will be found sjiecimens of the difierent strata of Nubian 
sandstone from Haifa to Silsila. At ni ne places I havegiven the positions of the strata in a 
vertical plane referred to mean sea, and in a horizontal plane referred to the 1st Cataract. 
The nine places are: — 

Abusir i-ock, at the second Cataract. 

Sah&ba, about 10 kilometres north of Haifa. 

Abu Simbel. 

A hill to the north of K')roskj. 

SySIa station. 

Abh<Jrr statijn. 

Ambarakab station. 

The 1st Cataract. 

Gebel Silsila. 



%^ 




F:a.S 



Typical oandslone not m a slate oP deca^ 



Typical decaying sandstone 
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Topical decayed sandstone 



Sand dpiftat AbuSimbel 



Fig. S 



F,a6 



Abu Sinnbel sandstone 
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An island in the Nile near Kalabs'ha 
(Ouantz Diopile) 



Possible Site oF Kalabsha ReservoirBappage' 

(Syenite "ft Diopite) 




Possible site Assuan Resepvoir Barrage 
( D i OPi te 8c Syenite) 



GEOLDGV UP lilt: NILS VALLKY FBOM WADV llAL^'A TO CAinO. 

F.r, in 



Abkhop ( Diorite ) 

ifef)re describing in detail the narrow trough of the Nile itself, it may bs as well topive 
a geneml idea of the Nile valley from Haifa to Luxor, us Iho exiiiting maps are lamentably 
incorrect. On the hyilrological map of llie Nile valley from Haifa to SiUila, tliere is a small 
map of this tract mi a scale o f;  ' ■t ^ - 

Fr.im Abu Simbel nirthwai-ds, the valley is bounded on the left by a high lim&sbne 
plateau, kniwu as the "Siu el Kidab"', which is at first 90 kiliJinfttresaway from the Nile, 
but gradually approaches until at Assuan it is 40 kilometres away, and from Gebelain north- 
wards ciiraes cli)se to the river. Opposite Esna, there is als) on the right bank of tberivera 
similar limestone plateau, so that at this jxiint the plateau is traversed by the Nile, and the 
hills ab Jut Gebelain bear traces of the struggle of the river to eat Its way through. G«beUia 
evidently was the site of an ancient and Considerable cataract. The reduced level of tlie Nile in 
flood is at Ibrim 116 metres, and at Assiian 94 metres, while the general level of the plateau 
is 450 metres, and its highest point, the Garra Hill opposite Assuan, is 540 metres abwe 
sea level. The dip of the strata everywhere is North- West. On this plateau aretheRurkur 
and Dunkul wells. At the top of the Garra Hill are some 90 metres of lower Lmdiniao 
limeshjne, then a S metre l)elt of Suessonian yellow clay with lihynopygua abitndans d 
Mayer Eymar, and then ah>ut230 metres of f dialed mar! of the cretaceous formation with a 
thick belt of Ostrea Overirerji in the middle. Relow these stretches away the sand?tone plain. 
Near Gan-a the sandstone is calcareous, but as we approach the Nile we have the ordinary 
silicious Nubian sandstone. The Kurkur wells are at the east end of the so called Kurkur 
oasis, a basin on the top of the plateau, where there are a few acacias and ddm palms. There 
is always an abundance of good water at Kurkur, The Dunkul well is a cup on the top of the 
range. There is very litlte water here and one cluster of dom p^ilms, though about 5 kilo- 
metres t)theni)rth there isavalloy with numerous Sallim acacias. Between Garra and Dunkul 
the upper crust of limestone is very hard and almost metallic, while at places it is of a reddish 
colour with numerous oyster shells imbedded in it. This limestone has been described as 
porphyry by some travellers. The two sections of the Nile valley at Ibrim and .^^uan, which 
accompany the plan, show how heavy the denudation has I)een. At Assuan it must be 
60 kilometres X 300 metres, and at Ibrim lOO kilometres X 150 metres. The hard 
limestone cap has been degraded slowly, but the f jliated marl was made to be eaten away; it 
has no onsistency, and it is only when it dips below the level of the Nile at Gebelain that 
we have traces of a cataract. 

* " Sin el Kidtib " menus "Die tii)i-'e tooth", and is used by die Ara)>s lo define this plateau, as lU 
great liei(rlit makes it iippcnr closer limn it ruelly is, and if you think you will rencli it in one day, it viil 
Lake you u day und n holf. 
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<Koin Ombo>. 



The arrow heads on the plan show the direction of the rainwater to-day. It rains once 
in two or three,years. The watershed is close to the Nile on its left bank, but on the right 
bank the whole of the desert drains into the Nile through seven main Khdrs and numerous 
minor ones. 

The seven main channels are : — 

1. South of Wady Haifa. 

2. Southof AbuSimbel. 

3. Southoflbrfm. 

4. Korosko. 

5. Khdr Allaki at Dekka. This is the largest of all. 

6. Khdr Demhit some 40 kilometres South of Assiian. 

7. Khfirs Kereit and Shait at Fatera nearGebel Silsila. On the longitudinal section, 
I have given an idea of hills bordering the right bank on the Nile, showing how completely 
they have been degraded in places. 

The only outcrop of granite on the left bank of the Nile which I have seen is one to the 
West of Ibrim and shown in plan and section. 

Between Assiian and a point a few kilometi'es to the South of Esna (where the Nile may 
be said to enter the limestone hills which skirt it as far as Cairo) the river is between sand- 
stone hills except at two places, the plain of Kom Ombo and the plain of Edfu. These two 
plains were ancient deltas of rivers coming down from the high granite and porphyry ranges 
which skirt the Red Sea, and flowing into the upper cretaceous and Eocene sea in which 
the '*Sin el Kidab" foliated marls and limes where being deposited. There are solitary lime- 
stone hills still standing in the two plains surrounded by sandstone. The sands and clays of 
the Edfu and Kom Ombo deltas of an age anterior to the Nile are covered with pebbles of 
p)rphyry and granite brought down from the Red Sea range. These stones have no affinity 
to those met with at Assuan, Kalabsha or Haifa. 

Descending the Nile from the second Cataract, we find it flowing between sandy ^^^ ^^^ ^ 
degraded hills past the Wady Haifa fori situated in a plain of Nile deposit. Here the river in of the NUe 
winter and summer, f^rms numerous islands, and is inclined to leave the right bank on 
which Haifa is situated. Some spurs have been put in on the left bank to improve navigation. 

At Sah&ba Hill (kilometre 331*) on the right bank of the Nile some bold hills approach 
the river. From these hills geological specimens have been collected. The strata of violet clay 
are very extensive indeed. There is one thin stratum which contains traces of common salt. 
After Sah&ba, the sandstone hills on the right leave the Nile, and there is an extensive 
dep)sit of shingle 12 kilometres in length and a half kilometre in width, dividing the cul- 
tivated plain of Deberra into two parts. The shingle is doubtless ancient detribus from the 
second Cataract. 

The left bank of the river continues low and mean and covered with sand drift. Here 
and there are evidences of ancient cultivation, but as the struggles of the inhabitants against 
the sands drifts have been intermittent through centuries, while the action of nature has 
been unceasing, the cultivated land dwindled to a minimum. 

Faras island at kilometre 308 is covered with vegetation. The navigable •• channel here 
needs considerable improvement. The hills along here are low and insignificant. At kilo- 
metre 296 and again at kilometre 294 the navigable channel is very narrow and winds 
from side to side of the river with dangerous rocky islands which further complicate the 
navigation. 

In my book on Egyptian irrigation I had stated, that I considered the great training 
spurs in the Nile between Assuan and Haifa, as put it for the sake of creating soil on the 

• The kilometrage on the plan and the longitudinal section, to which reference is made, is reckoned 
from the head of the 1st Cataract, North of Philce, up the centre line of the river. 

** Navigation at low Nile is always contemplated. At high Nile of fX)ur8e there are no difnculties. 
Navigation here is very important, as it is the only means of communication between the military posts 
of AssCian and Haifa. 
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hands of the river, but luw that I have seen them at low water, I think they were put in f )r 
river training princii)aliy. Thej insured a deep navigable channel throughout the year, and 
kept the southern f )rtresses of Nubia in ommunicatlm with Syene. These spurs should all 
be repaired and tlioroughly renewed. 

From kilometre 295 to kilometre 2.11 is an extensive sandy plain overed on the right 
bank w^ith strange onical sand hills. 

At kil jmetre 291, the river infringes on s )me b )ld sandstone hills and sweeps round their 

ba^es. At kilometre 281, the same class of hills is met with on the left bank and here stand the 

CAbtt gimbti). giant olossi of Rameses and the magnificent temple of Abu Simbel. Here a geol:)gical section 

of the sandstone was made. The rock is better than what is generally met with and the 
strata of violet obured earth are few in number. One of these belts of earth passes almgthe 
knees of the colossi which are considerably degraded. Above the temple there are two broad 
belts of earth, which in decaying where leaving the layer of sandstone between them project- 
ing forward in a dangerous manner. One big fragment from this stratum of rock had already 
in the past fallen on the head of the second colossus from the left and completely destroyed 
it, while the existence of the first olossus on the left was threatened by the fellow of the 
rock which fell before. By the falling of small fragments of nxk the monkey cornice at the 
top of the temple had been well nigh destroyed and the crowns of the standing coLjssi had 
been broken. The whole hill needed to be thoroughly done up with masonry. The matter 
was brought the notice of W(X)dhouse Pasha, the Commandant of the frontier, who took 
the matter up warmly and hand the whole hill thoroughly cleared and the lo^we rocks 
cemented by a part of English soldiers under Captain Johnson. 

The sand drift which was partially rem>ved in 1890 from the f>ot of the temple is 
fast returning and destroying the view of the Temple, The drift is not a very long one and, if 
it were once entirely removed, it would take a very long time indeed, bef )re the sand could 
collect again. Between the two hills there is a sun-dried brick wall which keep up the sand, 
prevents the Nile flood from attacking it and turns the sand into the temple. If this brick wall 
were removed and the Nile deposit near it cut away or cleared of all debris from the temple, 
the Nile itself in high flood would cut away the drift and improve immensely the appearance 
of the temple. I think L. E. 100 would suffice fjr this work. 

After Abu Simbel the high hills leave the river, and with the exception of a reach of 
a cultivated land on the right bank, the Nile fl)ws between low rugged hills as far as the 
southern limit of T>ski village (kilometre 297). Near Tv)ski the high hills appear in the 
distance, while the foreground on the left is singularly low, flat and sandy. Opposite Toski 
village, the deep channel is along the right bank, where the old spurs have been turned much 
to the inc mvenience of the navigation. The spurs should be renewed. 

Near Ibrim Fort (kilometre 233) (m the right side, a singularly b)ld range of sandstone 
hills is met with, and the views of the Nile are impressive. From here on to Korosko the 
hills on the right are generally b)ld and high, while the Nile bank from kilometre 228 U^ 
kilometre 199 past Ibriin and D^r, is well cultivated. Ibrim and Dir are the two richest 
villages between Haifa and Assuan. On the left bank also there is a considerable amount of 
cultivation, while there are extensive flat plains f )r some 3 kilometres away from the river. 
The pi*esence of wells on this plain indicates an ancient arm of the river which is now silted 
up. Some high hills are met with at kilometre 198 of the river on its left bank, but these also 
immediately recede from the river. From kilometre 190 to kilometre 179 on the right bank, 
past the town of Korosko (kil»)metre 187) there is a range of very high sandstone hills. 

The navigation onthebng curve opp)site DSr (kilometre 207) is very difficult and 
training works should be undertaken here to deepen the summer channel of the Nile. This 
is the worst reach between Haifa and Assuan. 

At kilometre 202 on the left bank of the Nile, is the interesting temple of Ameda, with 
some very perfect carvings, which is fast going to wreck. Something should be done to 
preserve this temple. 
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As one leaves the Nile hefa and enteis the deserts on the left bank of the river, one 
traverses sandy plains strewn thick with fossil trees. There are half a dozeo very good 
specimens of this wood in the Schwl of Medecine. Out 
of the sandy plain riseouiitless pyramids of sandstone 
which remind one very fircible ofGizeh, while the 
low decayed mjunds in the mirage look exactly like 
sphinxes. A mirage is n>t a reflexiin, but a repetiti m, 
and it is with difficulty one persuades oneself hat 
there are n.) aphtnses at the feet of the pyramids 
one sees. 
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Abiut kilometres 177 a little river training is needed to aid the navigation in summer. 

From here on tn SySIa (kilometre 130) there are alternating very high and moderately 
high hills on b)th banks of the Nile with occasional patches of cultivation. Near Sy^la the 
clay is mixed with a little Hrne and this earthy matter (unburnt) is used at Korosko 
instead of lime. 

Fram kilometre 130 to kilometre lOO with slight interruptions, the left bank of the river 
is very fiat and sandy. The sand hills have become completely degraded. Here and there 
a mound of large pebbles of porphyry and quartz is all that remains of what must have once 
been a very high hill. The plains may be said to be strewn with the skeletons of hills. They 
are very dismal. Fr >m kilometre 115 to kilometre lU3on a mean width of 1 kilometre, is the 
plain of Dacca composed of Nile deposit. The weils here indicate that an ancient arm of the 
Nile has been silted up. The plain is on an average 1.00 metre above high flood. It is culti- 
vated in patches. So far the left bank of the Nile ; on the right bank of the Nile there is much 
the same appearance of desert, except that tlie general level is much higher. At kilometre 113 
on the right bank is theKhAr AllSiki which drains whatever rain falls in the deserts between 
this and Abu Hamed nearly. The presence of gold in tlie bed of this stream led the ancients 
to image that the catchment basin of this stream contained gold. None of the quartz reefe 
in the plutonic hills near the Nile ontain gold. They are too far removed from the centre 
of eruption. At kilometre 105 is the Gebel Hyata on the right bank, a low but vary pro- 
minent hill. 

From kilometre 100 to kilometre 55, the Nile flows between gradually rising bills of 
compact sandstone with fkirly decent cultivation on both banks though in very narrow strips. 
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At kilometre 67 is an outcrop of granite on a length of 1 kilometre. This granite is very 
inferior and the Nile flows through it without any appearance of a rapid. At kilometre 58 on 
the right bank is the Khor Rabma which drains large tract of desert. At kilometre 57 on 
the left bank is the Kalabsha temple on the tropic of Cancer. 

The quarries here give a very feir white sandstone. 

From kilometre 55 to kilometre 49 is an outcrop of granite. There are num3rou3 islands 
in the Nile. Plates 11 and 12 give plans and secti )n9 of this part of the Nile. It is a possible 
site ftr a reservoir. At kiltm^tre 49 is the Kalabsha gate of the Nile, 150 metres wide and 
40 metres deep in flood. 

From kilometre 49 t) kilometre 39 the Nile traverses very compact sandstone with good 
quarries at TaiEa and Gerta^sa. The Philae Temple was built with this stone. The cultivation 
•>n hMi banks of the river is gw>d and the peasantry are fairly prosperous. The depth of the 
water in winter and summer Is insignificant and the Nile needs frequent spurs, notably near 
kilometro 36 where navigation is very difficult. 

If it is permissible to build reservoir dams on samlstone, there is njt a bad site near the 
Gertassa temple at kilometre 40. 

At kilometre 37 is the Khdr Demhit which drains the Bargat Tukham plain, is 
which is the Um Hibal wall. Just south of the Kh&r Demhit junction is the site where 
dischaiges are taken fur reference to the AssOan gauge. 

From kilometre 30 to kilometre 0, and 5 kilometres beyong that to Assiian. the river 
flows between granite hilts. These last five kilometres constitute the first Cataract of the Nila. 

At the foot of the first Cataract, on Elephantine Island, opposite Assilan stands the Assiian 
gauge ; and as we descend the river from here, all kilometres will be referred to this gauge. 
The kilometrage itself has been measured down the centre line of discharge of the Nile in 
fl>od. 

The Garra hill as seen from the sandstone plateau overhanging the Nile at Assfian has 
the appearance of the table mountain shown in figure 13, while figure 14, is a nearer view. 
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Gaira Hill From the Nile 



Ri-.S35 meti»«» 
^TM*i'^^ ^^h*^^^ '•>'» Limestone Londinitft 
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The degradation of the sandstone hills hy the sand}' desert winds if for evei* going on, 
and occasionally the remoral of a great part of an underlying weak stratum has a strange 
effect. Figure 15 gives the appearance of a rock on the Assiian Berber caravan road some 
20 kilometres out of Assiian. 



Fcq. 15 



Decayed Sandstone near Kuil el Nus 
South P Assuan 
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Course of Sandstone ealen away by the Nile near Bimban 

(action sill going onJ.Stones like these lie on the top oFthe pounded 

hills in this locality also showing that the Nile was once thepe 



About 15 kilometres* to the North of Assuan is the Kb6r Abu Sahara on the right hand, 
a wide deep rant in the sand stone hills, and opposite it on the left is the Khor Kumbania. 

The Nile has cat across this ancient stream without obliterating it. 

About 20 kilometres beyond theKhtlr Abu Suhfira, we enter the Kom Ombo plain with Nile ^^^ ^^^ 
deposit 12 metres above the maximum flood level of to-day. About 8 kilometres downstream 
of the Kom Ombo temple, on the left bank of the Nile.Js a very good section (Figure 17) 

* All distances ai-e now referred to tlic Aiistlnn gauge. 



OKDLOOr 07 THB NILE VAI.LE? FROM WADT HALFA TO CAIBO. 



Bhowing the ralative positions and depths of the aacient sandy clay and sand dep:>siU of tlia 
ancient Delta overlaid by the more recent Nile mud. At Ragluma (kil uneti-e 60) we meet 



LeFt bank oF the Nile opposite Eglii nanth oF Kom Ombo 

with limestone in the valley of the Nile ftr the first time and immediatal}' North of it the 
Uebel Silsila aandstone. Tliu limestone naar the river is of the cratacajus f)rmatii)n andtha 
dark bri>wn btulders of the lower Londinian f.>rmation. As far as I can loarn, there is no 
<a«iMi suaiia). limestone S.>uth of Gebel Silsila in the valley of the Nile right up to Lake Victoria, tbaugh 
Sir Samuel Baker informs me that there ia kankar, sjuth of Khartoum. Sjuth of Gebel Silsila, 
in the Nile deposits at a height of U metres ahjve high flojd,I fiiind among heaps of comm'jn 
I orbiculaa, iinios &nA paludina.', numerous bufialo horns, hippop)tamua teeth, elephant 
tusk-i, &c., which I have deposited in Professor Sickenbargar's museum*. 

It has l)een imagined that atSDmatime the Gabel Silsila was a cataract of the Nile. 
Apparently it never was that, f>r the Niledep>sits and oyster shells (A^theria Nilotiea) 
of the ancient river ai'e met with Njrth and South of the Sitsila pass at exactly the same 
level, ami no change is experienced until we i-each Gebelain, where there is a decided drop 
in the level of the ancient deposits. The upturned and undermined hills which strew the 
Nile valley and Gebelain ctnflrm the fact of its being the site of the great cataract of ancient 
days. Though the present channel of the Nile at Silsila is narrow and shallow, yet it is oa\j 
a branch of the river ; the real channel 1500 metres wide and over 16 metres deep is on the 
right of the hill in which the quarries are, and is at present buried in mud and silt. The strata, 
moie^ver, at Silsila are all horizontal ami there is no sign of undermining or overthrowing, as 
there certainly would be at the site of a cataract in stratified rock. 

from Assuan northwards the sandstone is generally inferi^ir to that South of the first 
cataract, while the Iwltsof yellow clay increase in thickness and number until finally the sand- 
stone gives place to the f dialed marl which underlies the limestone. The liw hill t ) the right 
of the Gebel Silsila pass is however an exception to this general rule and contains s^megtxid 
stone. It was an island formerly and resisted the ac'.ion of the river when the weaker rocks 
on either side allitwed the Nile to scour out a channel 1700 metres wide. Judging from the 
section at the siuthern quarry, I should say that the hill was either an ancient sand ridge 
or accumulation uf sand behind soma obstacle. It is consirlerably fissured hut comparatively 
free from the belts of yellow clay which are met with as one descends bel.)W the level of the 
quarry bed at the island or everywhere else in the vicinity. 

We have now [>assed out of the region of [Kissible reservoirs and I shall hurry down the 
Nile until we reach the depression near the Fay.)um. 

That part of the "Sin el Kidab" plateau which was cut through at Gebelain was only « 
promontory, and at Luxor the Nile again emerges into the low denuded plains on its right 
hand, having the plateau as a wall on its left. To the north of Kena, the plateau is entered 

 ProfvsRoi' Schwoinrurlh considers tttese relics very interesting and Professor Sickenberger i* 
sending lliem to Proressor Dawson of London for identity. 
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for the second time and from, here to Cairo, the Nile keeps within it. At Kena the lower (K«na). 
Londinian limestone dips below the level of the Nile deposit, and the upper Londinian for- 
mation monopolises the whole section of the limestone as far as a point midway between 
Assiout and Minia. Here the lower Paiisian strata appear on the top of the plateau and the (Aesiout). 
upper Londinian formation finally disappears at a little to the north of Minia. The lower (Mini*). 
Parisian formation is now met with as far as Cairo on the right bank ; on the left bank (Cairo). 
however the formation to the north of the Fayoum is upper Parisian with the exception of a 
small area near the Pyramids which is Senonian and Turonian. In the deserts east of Cairo 
we have also some lower Parisian stone.* 

It is remarkable how each change of formation is acc3mpanied by an intermediate layer of (Mean width 
little consistency : the foliated marl between the upper cretaceous and the lower Londinian with **'^*^* ^ 
the great denudations between Abu Simbel and Esna : the denudations to the east of Luxor and 
Kena when the lower and upper Londinian formations meet : the friable sandy strata to the 
left of Minia, where the upper Londinian gives place to the lower Parisian strata, and where 
the Nile valley is invaded with sand which has snatched a tract some 60 kilometres in 
length and 2 kilometres in width from the cultivated land and is travelling slowly onward: 
the great depressions of the Fayoum and the Wady Rayan where the upper and lower 
Parisian formations meet, and where to-day there are great hills of rolling sand. 

I think the mean width of the Nile valley as the river traverses the difierent formations 
is a fair gauge of the power of the different rocks to stand the action of the water. In granite 
the mean width is 500 metres ; in sandstone away from the granite it is 2000 metres ; in 
the upper Londinian formation it is 8000 metres; in the lower Londinian formation it is 
13000 metres and the upper Parisian 18000 metres. To the North of Wasta the valley 
contracts to 7000 metres because half the water of the ancient river found its way westwards 
into the ancient seas which covered the western deserts in those times. 

The geological sections of the proposed channels for feeding the proposed Wady Rayan rw-ady 
reservoir show clearly the enormous masses of salty and bitter marls, loams and clays, which '^y*")- 
were deposited in the ancient «ea at the entrance to the Fayoum and Wady Rayan when 
the scouring action ceased and deposition followed. According to Dr. Schweinfurth, these 
formations are Pliocene.** The Parisian limestone (as well as these deposits) has an excess of 
salt. There are thick strata of salt everywhere in the vicinity of the Fayoum. 

• A Table at the end of this Appendix gives the typical fossils in Egypt of each of Ihe above formations. 
•• '* The Fayoum and Lake Moeris", by Major R. H. Brown — page 61- London 1892. 
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TYPICAL EGYPTIAN FOSSILS. 



Upper Parisian. 

Ostrea elegans. 
Turitella ^gyptiaca. 
Carolina placunoides. 
Schizaster Mokatamensis. 
Ostria Frasii. 
Bones of Zeuglodon. 



Lower Parisian. 

The coral Eschera Schweinfuithii. 

Vulsella legumen. 

Echinolampas Frasii. 

Lobacarcinus Paulino Wurtembergicus. 

Nummulitus Gizehensis. 

Teeth of Carchai"odon . 

Gerithium Kahirense. 

Nautilus imperialis. 

Upper Londinian. 

Galianassa Nilotica. 
Alveolma fruinentiformis. 
Cardium ^gy ptiacum. 
Gyprina Siutensis. 
Sismondia Logotheti. 



Lower Londinian, 

Numulina gigantea. 

Schizaster Navillei. 

Hemispatangus pendulus. 

Ostrea Kunusensis, (Mayer Eymar). 

Cardium gigas. 

Turritella angulata. 

Gerithium Rapum. 

Ostrea capriciosa. 

Helix Isidis. 

Geritiuiii Potiphar. 

Nautilus Sjwerbi. 

Soissonian. 

Rhynopygus Abundans, (Mayer Eymar). 

My til us \Vo)di. 

Gardita Wodehousii, (Mayer Eymar). 

Turritella Nubica. 

Natica Edmondi. 

Cytheria laevigata. 

Scalariacrispa. 

Natica Alexandri. 

GarumnioA. 

Ostrea Overwegi. 

Danian. 

Ostrea Janus. 
Ostrea pterigota. 
Ostrea velum. 
Ostrea acutirostris. 
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DETAILED ESTIMATES 



OF THE COST OF THE RESERVOIR PROJECTS IN NUBIA 



Pages 6 & 7 — Silsila dam lo hold up waler to R.L. 100.00 L.E. 1,594,000 

»8&9— » » »)»i> » R.L. 104.00 » 1,890,000 

» 10 to 12— Assuan dam » » » d R.L. 106.00 » 772,000 

9 13 & 14— Kalabsha dam » » » d R.L. 118.00 » 1,589,000 

»15— » »»»» » R.L. 115.00 » 1,288,000 

» 16 & 17— Philaj dam » » » » R.L. 118.00 » 2,100,000 
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GE1NERA.L ESTIMATES OF MASONRY. 



Estimate oi quantities of masonry in tiie Solid dam : — 



DBPTH 
OP 

WAIVB 



CUBIC MBTRKS 

OF 

■ASO!(RT 



8 



10 



14.10 
20.30 
26.70 
33.40 
40.40 
47.60 



7 I 55.20 



DBPTH 

OP 
WATER 



63.00 
71.20 
79.60 



11 
12 
13 
14 
15 
16 
17 
18 
19 
20 



CUBIC METRES 

OF 

MASONRT 



88.40 
97.40 
107.00 
117.00 
127.30 
138.10 
149.30 
161.10 
173.30 
186.10 



DEPTH 

OF 
WATER 



CUBIC METRES 

OF 

MASONRY 



21 



99 



23 
24 
25 
26 
27 
28 
29 
30 



199.40 
213.30 
227.80 
242.90 
258.60 
274.90 
292.00 
309.90 
328.40 
347.70 



DEPTH 

OF 
WATER 



31 
32 



33 



34 



35 
36 
37 
38 
39 
40 



CUBIC METRB5 

OF 

MASOSfRY 



367.70 
388.70 
410.70 
433.50 
457.30 
482.10 
508.00 
534.90 
562.90 
592.00 



DBPTH 

OF 
WATER 



41 
42 



43 



44 



45 
46 
47 
48 
49 
SO 



CUBIC METRES! 

OP 

MASONRY 



622.30 
654.00 
687.10 
721.60 
757.40 
794.70 
833.70 
874.40 
916.90 
961.00 



DEPTH 

OF 
WATER 



51 
52 
53 
54 



55 



CUBIC METRES 

OP 

MASONRY 



1007-00 
1055,00 
1105.00 
1156.90 
1210.80 



Estimate of quantities of foundation miasonry belo'w floor of undersluices 

imder S3 metres head of -water : — 



Metres below sill 



Cubic metres of masonr/ 20 



» 


B 


9 


9 


» 


V 


9 


» 


» 


» 


» 


» 


» 


9 


B 


» 


B 


» 


» 


» 


» 


9 


» 


. » 


J» 


» 


9 



2 




D 


B 


B 


40 


3 




» 


B 


B 


...... 60 


4 




» 


B 


B 


81 


5 




B 


B 


B 


102 


6 




B 


B 


B 


124 


7 




B 


B 


» 


146 


8 




B 


B 


B 


168 


9 




B 


B 


B ... 


191 


10 
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B 


» 


214 
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C. 



Estimates of quantifies of masonry in f O uiidt^rMluieoH and one abutment pier 
or 57 metres in length of dam, ivhen the sills are under tHii metres head 
of Tvater : — 



DESCRIPTION OF WORK. 



Granite Ashlar. 

Floors 

Floor under grooves 

Curtains 

Sills 

Vertical faces of sluices 

» » » 

D » )) at abutments 

Lintels of sluices 

» » 



N" 


L 


B 


D 





10 


19.4 


3 


.5 


291.0 


20 


2.0 


1 


.5 


20.0 


30 


3 


1 


.5 


45.0 


10 


4 


1.5 


.5 


30.0 


30 


15 


.6 


10.5 


1890.0 


20 


2.6 


.6 


1 


31.2 


- 2 


1 


.0 


G.5 


7.8 


10 


7 


3.5 


.8 


19G.0 


10 


1.5 


3.3 


1.0 


49.5 



2561 



Sandstone Ashlar, 

Upstream face wall 

» faces of piers and grooves. . 

r* face above string course. . . 
Downstream face above string coui'se 

Cornice and parapets 

R )ad way 

» .^. . 

x> 

1} 



10 


3.2 


.6 


12.5 


240.0 


20 


5.2 


.6 


12.5 


780.0 


1 


57 


1 




114.0 


1 


G2 


.75 


2 


93.8 


9 


58 


1.5 


1 


174.0 


1 


57 


2.5 


.3 


42.8 


1 


4.3 


2 


•8 


2.6 


9 


2.5 


1.2 


.3 


8.1 


1 


2.5 


9 


.3 


6.8 



Rubble masonry. 

In piers 

In abutment pier 

» » 

Between lintels 

» » at abutment pier 

Body of dam 

» » 

D » abutments 

i» » » • 



9 


11 


2.0 


11 




14 


9 


11 




9 


1 


11 




9 


2 


.8 




8 


9 


.8 




57 


4.3 


10.8 




57 


3.0 


1.8 




7.5 


2 


10.8 




5.2 


2 


1.8 

• 



2772 

1386 

99 

130 

58 

2647 

308 

162 

19 



1462 



7581 
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APPENDIX VIII. 



f) 



Estimate of quantities of foundation masonry belovr floor of imdersluices 

under f o metres head of -water : — 



Metres below sill 



1» 


» 


» 


» 


» 


» 


» 


D 


» 


V 


i> 


» 


)» 


» 


» 


» 


» 


» 


n 


11 


» 


» 


» 


» 


9 


» 


» 



1 

2 
3 
4 
5 
6 
7 
8 
9 
10 



Cubic metres of masonry 13.2 



» 


» 


)) 


» 


» 


T> 


» 


V> 


)) 


» 


» 


)) 


» 


» 


D 


J> 


» 


D 



» 
)) 

» 
» 



26.9 

41.2 

56.0 

71.3 

87.2 

103.7 

120.7 

138.2 

156.3 



ESstimate of quantities of masonry in I O undersluices and one abutment pier or 
57 metres in length of dam, -when the sills are under 15 metres of Tvater : — 



DESCKIFPION OF WORK. 



Granite Ashlar, 

Floor 

Floor under grooves 

Curtains 

Sils 

Vertical faces of sluices 

» » » 

V » » 

Lintels of sluices 

» y> 

Sandstone Ashlar. 

Upstream face walls 

Piers and grooves up to roadway 

Piers and groves above roadway 

Downstream face wall below roadway. . . . 

Roadway 

)> • 

Upper face walls, mouldings and cornices. 

Rubble masonry. 

Piers 

Abutment 

» • 

Body of dam 

» abutment 

Piers 

Abutment 



N«> 


L 


B 


D 


Q 


10 


14.5 


3.0 


.5 


217.5 


20 


2 


1 


.5 


20.0 


30 


3 


1 


.5 


45.0 


10 


4 


1.5 


.5 


30.0 


20 


10 


.6 


10.5 


1296.0 


20 


2.4 


.6 


1 


28.8 


•2 


2 


.6 


5 


12.0 


10 


4.5 


3.5 


.8 


126.0 


10 


7 


1.4 


1 


42.0 



1818 



10 


3 


.6 


o 


90 


20 


5.4 


.6 


5 


324 


20 


5.4 


.6 


8 


519 


1 


60 


.8 


2 


96 


1 


57 


2.7 


.3 


46 


1 


7.5 


.7 


.3 


2 


2 


57 


1 


2.5 


285 



1302 



9 


9 


2 


11.3 


1831 


1 


9 


9 


11.3 


916 


1 


1.5 


9 


11.3 


153 


1 


57 


4 


5 


1140 


1 


9 


.7 


5 


32 


9 


3 


1 


8 


216 


1 


9 


4 


8 


288 



4576 
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DETAILED ESTIMATES OP THE COST OF THE RESERVOIR PROJFCTS IN NOBIA 



Estimate of the cost of the Silsila daui to hold up ^vater to R. L. 1 00.00« 



Rock excavation. — Right flaak 550 X 48 X 16 = 422,400 cubic metres 

Leftflank 600x75X16= 720,000 » 

Floor of dam 5>60X50x 2— 56,000 » 

Excavation of locks 200X18X20= 72,000 » 

» » 200X35X10= 70,000 » 

Lockchannel 1600X25X18= 720,000 » 

2,060,400 cubic metres 

Rubble masonry in foundation. — (B) Main part of dam 400 X 102= 40,800 cubic metres 

Upstream apron 400 X 3 X 4 = 4,8(0 » 

Downstream apron 400X3.5X2C= 28,000 » 

» » 400X 2 X10= 8,000 » 

» » 400 X 3X2= 2,400 » 

» » 160X37 X 2= 11,840 » 

95,840 cubic metres 

Undersldices. 

80 undersluices under 22 metres head of water (C). 
80 » under 15 d » » (E). 

Granite Ashlar 8x2561= 20,488 

3 X 1818 = 5,454 = 25,9 12 cubic metres 

Sandstone Ashlar 8 X 1462= 11,696 

3 X 1362 = 4,086 = 15,782 cubic metres 

Rubble masonry 8 X 7581 = 60,648 

3 X 4576 = 13,728 = 74,376 cubic metres 

Regulating apparatus 110 x 10 X 2= 2200 square metres. 

Locks. 

Granite Ashlar. — Upper lock gate 32 x 20 X 2 = 1,280 

Middle » 25X20X2=1,000 

End >» 22X20X2= 880 



3,160 
Add 3,160= 6,320 cubic metrw 



Lock gates 2X16X12= 384 

1X13X12= 156 

540 
Add 540=: 1,080 square metres 

Earthen bank across right channel 1400 x 62 X 6 = 520,800 cubic metres 
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APPENOIX VIII. 



Abstract of cost. — 

Rock excavation 2,060,400 cubic metres at L.E. . 07 = L.E. 144,228 

Rubble masonry in foundation 95,840 » » » 1.50 = » 143,760 

Granite Ashlar in undersluices 25,942 » » » 5.00 = » 129,710 

Sandstone » » 15,782 » » » 2.50 = » 39,455 

Rubble Masonry . » 74,376 » » » 1.00= • 74,376 

Regulating apparatus 2,200 square metres » » 75.00 = » 165,000 

Coffer dams and pumping x> 100,000 

Granite Ashlar in locks 6,320 cubic metres » » 5.00 = 9 31,600 

Lock gates 1,080 square metres » » 30.00= » 32,400 

Earthwork in dam 520,800 cubic metres # » .04 = » 20,832 

Total... L.E. 881,361 
Contingencies at 10 Vo » 88,136 

Cost of dam, &c. — Grand Total... L.E. 969,497 

Compensation for land, villages, etc., drowned out: — 

Assuftn L.E. 300,000 

Lands » 200, 186 

Villages » 45,500 

Date trees » 11,100 

Islands » 10,527 

L.E. 567,321 
Contingencies at 10 7o » 56,732 L.E. 624,053 



Grand Total L.E. 1,593,550 



Or say L.E. 1,594,000 
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8 DETAILED ESTIMATES OP THE COST OF THE RESERVOia PROJECTS IN NUBIA. 



Estimate of the cost of the Silsila dam to hold up water to R. L.. f O'^.OO. 



Rock excavation, — Right flank 550 X 48 X 12 = 316,800 cubic metres 

Leftflauk 600X75X12= 540,000 » 

Floorofdam 560X50X 2= 56,000 • 

Excavation of locks 200 X 18 X 20 = 72,000 » 

» » 200 X 35 X 10 = 70,0 X) » 

Lock channel 1600X25X17= 680,000 b 

1,724,800 cubic metres 

Rubble masonry in foundation. --(JS) Main part of dam 403 X 214 = 85,600 cubic metres 

Upstream apron 400 X 3X 10= 12,000 » 

Downstream apron 4(XI X 20 X 6 . 5 = 52,0:)0 » 

» » 400 X 10 X 2 = 8,00'J » 

» » 400X 3X 2= 2,400 » 

» » 160X37X 2= 11,840 » 

171,840 cubic metres 

Undersluices. 

85 Undersluices under 22 metres head of water (G). 
30 » under 15 » » » (E). 

Granite Ashlar (•) 8 X 2561 = 20,488 

3X1818= 5,454 25,942 cubic metres 

Sandstone Ashlar 8X1462=11,696 

3X1362= 4,086 15,782 cubic metres 

Rubble masonry 8 X 7581 = 60,648 

3 X 4576 = 13,728 74,376 cubic metres 

Regulating apparatus. 115 X 10 X 2 = 2,300 square metres. 

Locks. 

Granite Ashlar same as low level dam = 6^320 cubic metres 

Lock gates 2X17X12 = 408 

1 X 14 X 12 = 168 576 

Add 576 = 1,152 square metres 

Earthen bank across right channel : — 

Earthwork 1500 X 90 X 10 = 1,350,000 cubic metres 

Pitching slopes 1500X15X1 = 22,500 cubic metres 



(♦) The Ashlar here will be slightly in excess and the rubble masoni'y will be less, but the toUlcost 
'Will not be appreciably altered. 
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Regulator on weir : — 

Rubble masonry.. — Floor 300 X 25 X -f = 18,750 

Piers.,. 54x8x-^X-r = ^,860 23,610 cubic metres 

Sandstone Ashlar. — Floor 360 X 25 X 4" = ^,500 

Piers... 54 X 4 X "7 X -f '*= 2,430 6,930 cubic metres 



Regulating apparatus 55 X 5 X 7 = 1,925 square matres 

Rock cutting 200 X 60 X 15 = 18,000 cubic metres 

Grouting part of top course of weir.... 300 X 1^K3 = 30,000 square metres 

Masonry core in stone weir 300 X 10 X 3 = 9,000 cubic meti es 

Abstract of cost-. — 

Rock excavation 1,734,800 cubic metres at L.E. .07 = L.E. 

Rubble masonry in foundation 171,840 » 

Granite Ashlar in undersluices 25,942 » 

Sandstone » » » 15,782 o 

Rubble masonry » 74,376 » 

Regulating gates 2,300 square metres 

Cofferdam and pumping 

Granite Ashlar in locks 6,320 cubic metres 

Lock gates 1,152 square metres 

Earthwork in bank 1,350,000 cubic metres 

Pitching on bank 22,500 » 



at 


L.E. .07 — 


L.E. 


121,436 


V 


» 1.50 — 


» 


257,760 


» 


» 5.00 — 


D 


129,710 


9 


» 2.50 — 


» 


39,455 


» 


» 1.00 — 


y> 


74,376 


D 


» 75.00 — 


B 


172,500 






» 


100,000 





» 5.00 = 


» 


31,600 


D 


» 30.00 = 


» 


34,560 


» 


» *04 = 


» 


54,000 


D 


» .10 — 


9 


2,250 



Total. . . L.E. 1,017,647 
Contingencies at 10 % » 101,764 



Grand Total. . . L.E. 1,119,411 



» 


4— » 7,700 


» 


.07— » 1,260 


» 


.50— » 15,000 


B 


1.5= » 13,500 



Regulator on weir : — 

Rubble masonry 23,610 at L.E. 1.5 = L.E. 35,415 

Sandstone Ashlar 6,930 » » 3 = » 20,790 

Regulating apparatus. 1,925 » 

Rock cutting 18,000 » 

Grouting 30,000 » 

Masonry core 9,000 » 

Total... L.E. 93,665 
Contingencies at 10 7o » 9.366 L.E. 103,031 

Grand Total cost of works.. L.E. 1,222,442 

Compensation. — As for low level dam L.E. 624,053 

Date trees » 26,000 

Land » 14,000 | 

Villages » 5,000 L.E. 669,053 

Grand Total. • • L.E. 1,891,495 
Or say L.E. 1,890,000 j 
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DETAII.ED ESTIMATES OF THE COST OP THE RESERVOIR PROJECTS IN NVBIA. 



Estimate of the cost of the As^uiln dam to hold up "water to R. L. 1 06.00 



Hubble fnasonry in solid dam (A). 



DISTANCE FROM LEKT 


MEAD 
OP WATER 


AREA 
OF SECTION 


Q 


Q 















20 


4 


33.4 






40 


6 


47.6 






60 


6 


47.6 






75 


10 


79.6 


3,113 




125 


23 


227.8 




140 


23 


227.8 






160 


23 


227.8 






180 


23 


227.8 




• 


200 


16 


138.1 






215 


16 


138.1 


18,000 




280 


16 


138.1 




300 


16 


138.1 






320 


20 


186.1 


5,800 




380 


18 


161.1 




400 


15 


127.3 






410 


15 


127.3 


4,080 
25.200 




Abutment 


48 X 35 X 15 


25,200 




4'JO 


20 


186.1 




500 


14 


97.4 






520 


12 


117.0 






540 


13 


107.0 


6,000 




900 


19 


173.3 




920 


16 


138.1 






940 


16 


138.1 






960 


15 


127.3 






980 • 


6 


47.6 






1000 


4 


33.4 


11,082 
7,000 




Abutmeat 


50 X 35 X 4 


7,000 




1020 


7 


55.2 




1040 


8 


63.0 






1060 


9 


71.2 






1080 


8 


63.0 






1100 


9 


71.2 






1120 


9 


71.2 






1140 


8 


63.0 






1160 


10 


79.6 






1180 


10 


79.6 






1200 


12 


97.4 


14,088 




Carried forward. 


• • • • 


• • • • 


94,363 
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APPENDIX Vni. 



Estimate of the cost of the Assuaa dam to hold up water to R. L. 106.60. [Cuntiaued] 



Rubble masonry in solid dam (A). [Continued]. 



12 DEPAILED E^TIMATEi OF THE C )3T OF T.TK REilORVOIR PROJE'^TJ l>f NUBIA. 



Rock excavation for lock 



Rubble masonry in lock. 



450 X 22 X 15 = 148,500 
Add 148,50) 

T ital 297,000 cubic metres 

150 X 15 X 7 = 15,750 
Add 15,750 

Tjtal 31,500 cubic metres 



Undersluices. 



70 uodersluices under 15 metres head of water (B). 
30 » under 22 metres » » (C). 



Granite Ashlar, 



7 X 1818 = 12,726 

3 X 2561 = 7,683 20,409 cubic metres 



Sandstone Ashlar. 



7 X 1362 = 9,534 

3 X 1462 = 4,386 13,9;>0 cubic metres 



Rubble masonry, 



7 X 4576 
3 X 7581 



32,032 

22,743 54,775 cubic metres 



Regulating apparatus 100 X 10 X 2 = 2,000 2,000square metres 



Lock gates 2 X 15 X 12 =360 

1 X 12 X 12 = 144 
Add 



504 

504 ],008square metres 



Abstract of cost : — 

Rubble masonry in s)lid dam 
Rock excavation for lx5k. . . . 

Rubble masmry in lock 

Ashlar work » » 

Lock gates 

Granite Ashlar in dam 

Sandstone Ashlar in dam.. . . 
Rubble masonry in dam. . . . 

Regulating apparatus 

Clearing foundation, &c 

Coffer dam and pumping 



156,779 cubic metres at L.E. .80 

297,000 » » » .08 

31,500 » 9 » 1.00 



1,008 square metres 
20,409 cubic metres 
13,920 
54,775 

2,000 square metres 



» 



» 



D 

» 

» 



» 
» 



30.00 
5.00 
2.50 
1.00 

75.00 



L.E. 125,423 

» 23,760 

» 31,500 

» 5,000 

9 30,240 

» 112.045 

» 34,800 

» 54,775 

» 150,000 

» 10,000 

» 30,000 



Total. . . L. E. 597,543 
Contingencies at 10 7o* • • » 59,754 

Grand Total for works. . . L. E. 657,297 



Compensation for land and villages drowned : — 

Land L.E. 16,476 

Date trees » 57,334 

Village )) 28,616 

Islands » 1,520 L.E. 



103,946 



Contingencies at 10 Vo. . . » 10,394 



L.E. 114,340 



Say L.E. 772,000 



Grand Total. . . L.E. 771,637 
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Elstimate of the cost of the Kalabsha Reservoir dam to hold up vrater 

to R. L.. 1 1 S.OO. 



Bubble masonry in solid section (A). 





DISTANCE FROM LEFT 


HEAD 
OP WATKR 


AREA 

OP SECTION 


Q 




1020 


4 


33.4 






1000 


7 


55.2 






980 


7 


55.2 






960 


6 


47.6 






940 


2 


20.3 






920 


2 


20.3 






900 


12 


97.4 






880 


12 


97.4 






860 








8,200 




825 


8 


63.0 






815 


8 


63.0 


630 




740 


33 


410.7 






720 


42 


654.0 






700 


44 


721.6 






680 


44 


721.6 


 




660 


43 


687.1 






640 


40 


592.0 






620 


40 


592.0 


77,560 




Add 


for contingencies in depth 

Total solid dam... 


15,000 




101,390 



Rubble masonry in foundation of open dam. 



PROM RIGHT TO LEFT 

LBNOTU 

(B) Low level sill 40 

(B) » » » 30 

(D) High y> » 30 

(B) Low » » 40 

(D) High » » 20 

(B) Low )) » 100 



DEPTH BELOW 
SILL 



s 


-f 10 


s 


4- 40 


2 


-f 10 


2 


-f- n 


8 


5-1-10 



107 
107 

78 
107 

36 
158 

Total. . . . 



4,280 
3,510 
2,340 
4,280 
720 
25,280 

40,410 
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DETAILED ESTIMATES OP THE COST OF THE RESERVOIR PROJECTS IN NUBTA. 



Undersloicbs. 

80 Undersluices under 22 metres head of water (C). 
40 » under 15 metrai » » (E). 

Granite Ashlar 8x2561= 20,488 

4 X 1818 = 7,272 = 



Sandstone Ashlar 8 X 14'32 == 11,C.96 

4 X 1362 =: 5,448 = 

Rubble masonry 8 X 7581 = 60,648 

4 X 4576 = 18,304 == 

Regulating apparatus 120 X 10 X 2 = 2,40) = 

Lock gates. — Upper 18 X 12 = 216 

Middle 6 X 12 - 72 

Lower 16 X 12 = 192 = 480 



27,760 cubic metres 

17,144 cubic metres 

78,952 cubic metres 
2,400 square metres 



Add 480 = 960 square metres 



Locks. 



Granite Ashlar as f )r Silsila 

Rubble masonry,,. 2 X 150 X 12 X 6 

3X 20X15X5 
IX 45X15X6 



6,320 cubic metres 



21,600 
4,500 
4,05 ) = 30,150 



Add 30,150 = 60,300 cubic metres 

Rock cutting. — Lock channel.. . 600 X 25 X 7= 105,(JOO 

Add 105,000 = 210,(XX) cubic metres 

Abstract of cost : — 

Rubble masonry in solid dam 101,390 cubic metres at L. E. 



» 






)) 
» 



Rubble masonry in foundation 40,410 

Granite Ashlar in undersluices 27,760 

Sandstone Ashlar » 17,144 

Rubble masonry » 78,952 

Regulating gates 2,400 square metres » 

Lock gates 960 » » 

Granite Ashlar for locks 6,320 cubic metres » 

Rubble masonry for locks 60,300 » » 

Rock cutting 210,000 » » 



1.50 = L.E. 

» 1.50= » 

» 5.00= » 

» 2.50= » 

» 1.00= » 

» 75.00= » 

» 30.CK)= » 

» 5 . 00 = D 

), 1.00= » 

» .08= » 



Clearing foundation » 

Cofferdams and pumping » 



152,085 
60,615 

138,800 
42,860 
78,952 

180,000 
28,800 
31,600 
60,300 
16,800 
10,000 

250,000 



Total. . . . L.E. 1,050,812 
Contingencies at 10 7o » 105,081 

Grand Total for works. . . . L.E. 1,155,893 



Compensation for land, etc., drawned out : — 

Date trees L.E. 225,000 

Villages » 83,000 

Lands » 85,000 



Contingencies at 10 7o 



L.E. 393,000 
» 39,300 



L.E. 432,300 



Grand Total. . . . L.E. 1,588,193 



Or say L.E. 1,589,000 
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APPENDIX VIII. 15 



Abstract of cost of a Reservoir dam at Kalabsha to hold up "water 

to R.L.. f 15.00. 



Rmbble masDnry in solid dam. 85,000 cubic metres at L.E. 1.5 = L.E. 127,500 

Rubble masonry in foundation 25,000 » » » 1.5 = » 37,500 

Granite Ashlar in underluices . 25,942 » » » 5.0 = » 129,710 

Sands one Ashlar » 15,782 » » » 2.5 = » 39,455 

Rubble masonry » 74,876 » » » 1.0 = » 74.376 

Regulating gates 2,200 square metres » » 75.0 = » 165,000 

Lock gates 860 » » » 30.0 = » 25,800 

Granite Ashlar for locks 6,320 cubic metres » » 5.0 = » 31,609 

Ruble masonry for locks 45,000 » » » 1.0 •= » 45,000 

Rock cutting 210,000 » » » 0.08= » 16,800 

Clearing foundation b 10,000 

Cofferdams and pumping » 250,000 

Total L.E. 952,741 

Contingencies. » 95,274 

Grand Total for works L.E. 1,048,015 

Compensation for land, &c. : — 

Date trees L.E. 116,800 

Land » 56,000 

Villages » 45,000 

L.E. 217,800 

Contingencies at 10 7o » 21,780 L.E. 239,580 



Grand Total L.E. 1,287,595 



Or L.E. 1,288,000 
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DETAILED ESTIMATES OF THi) COST OF THE RESERVOIR PROJECTS IN NUBIA 



Estimate of the cost of 



dam to hold up "water to R. L. f f S.OO. 



Solid dam^ Rubble masonry. 



4 



DISTANGE FROM LEFT 


UKKra 

OP WATER 


AREA 
OP 8RCTI0N 


Q 




150 












175 


32 


389 






200 


33 


411 






225 


36 


483 






250 


39 


563 






275 


43 


688 






300 


44 


722 




, 


32-. 


46 


793 


/ 




350 


47 


834 




• 


375 


47 


834 




i' 


400 


45 


758 




1 


425 


48 


875 






450 


48 


875 






475 


48 


875 






500 


47 


834 






525 


44 


722 






510 


43 


688 






575 


43 


688 






600 


28 


310 






625 


6 


48 






650 








319,800 cubic metres 



Foundation qf open dam below undersluices ( B and D ). 

(B) Left channel 230 X 102 = 23,460 

(B) Right channel 50x146= 7,300 

(D) » » 80X104=8.320 39,080 cubic metre 

Undersluices. 

Granite Ashlar, Sandstone Ashlar, Rubble masonry and gates the same asKalabshc 
f3r holding up water to R. L. 118,00. 

J Bock Excavation. — Left channel 200X35X 7= 49,000 cubic metres 

» » 200X45X5= 45,000 » 

Right » 200X25X S= 25,000 » 

Lock » ... 2 X 400 X 25 X 20 = 400,000 » 

519,000 cubic metres 

Masonry for lock ( nil ). — 

Granite Ashlar for lock (same as Kalabsha). 
Lock gate area same as Kalabsha. 
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APPENDIX VIII. 17 



Abstract of cost of dam : — 

Rabble masonry in dam 319,800 cubic metres at L.E. 1.50 = L.E. 479,700 

» » in foundation 39,080 » b » 1.50= » 58,C20 

Granite Ashlar in undersluices 27,760 » « » 5.00 => » 138,800 

Sandstone Ashlar » 17,144 » » » 2.50= » 42,860 

Rubble masonry » 78,952 » » » 1.00= » 78,952 

Regulating gates 2,400 square metres » » 75.00= » 180,000 

Lock gates.... 960 » » » 30.00= b 28,800 

Granite Ashlar for locks 6,320 cubic metres » » 5.00= » 31,600 

Rockcutting 519,000 » » » .08= » 41,520 

Clearing foundation » 30,000 

Goffer dam and pumping » 300,000 

Total L.E. 1,410,852 

Contingencies at 10 Vo » 141,085 



Grand Total for works.. .. L.E. 1,551,937 



Compensation. — 



As at Kalabsha L.E. 393,000 

Land : » 18,000 

Dates » 57,500 

Villages « 28,700 



L.E. 497,200 
Contingencies at Vo » 49,720 L.E. 546,920 



Grand Total L.E. 2,098,857 



Or say L.E. 2,100,000 
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DETAILED ESTIMATES OF THE COST OF THE RESERVOIR PROJiCTi IN NOBIA. 



ASSUAN CATARACT DAM. 



Abstract of the cost of the AssuAn Cataract dam to hold up "water 

to R. L.. 11 5.00. 



Rubble masonry in solid dam. 344,638 cubic metres at L.E. .8 b= L E. 

Rock excavation for lock 297,000 r> » » .08 = » 

Rubble masonry in lock 63,000 » » » 1. = » 

Ashlar work • . • • » 



Lock gates 1,300 squares metres o 

Granite Ashlar 28,503 cubic metre » 

Sandstone Ashlar 17,244 d » 

Rubble masonry in dam 82,057 » 

Regulating apparatus 2,400 » » 

Clearing foundation 

Cofierdams and pumping 



» 



» 



30. 

5. 

2.5 

1. 

75. 



» 



275,710 

23,760 

63,000 

5,000 

36,000 

142,515 
43,110 
82,057 

l?O,000 
50,000 
30,000 



L.E. 931,152 
Contingencies 10 7q » ^t^lS 



Compensation + 10 % 



L.E. 1.024,267 

. » 346,000 

L.E. 1,370,267 
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timate of the cost of the As^suan dam to hold up "watsr to R. L<. f 1 S.OO< 



Rubble masonnj in Solid dam. 



DISTANCE FROM RIGHT 


HEAD 
OP WATBR 


AREV 
OF SECTION 


QUANTITIES 


QUANTITIES 


Main dam. 


20 










• • 

2 


2(>]30 






40 


7 


55.20 






60 


10 


79.60 






80 


11 


88.41) 






lo;} 


19 


173.30 






120 


28 


309. 9 J 






140 


23 


227. SO 






160 


18 


161.10 






180 


18 


161.10 






200 


17 


149.30 






220 


12 


97.40 






240 


15 


127.30 






260 


18 


161.10 






280 


17 


149.30 






300 


21 


199.42 






320 


20 


186.10 


26,932 




30 Sluices. 






5IX) 


18 


161 . 10 






520 


17 


149 30 


4,200 
= 17,640 




Abutment •• 


42 X 1; 


2.00 X 35 = 




580 


14 


117.03 


 


600 


18 


161 . 10 






620 


24 


242.90 






640 


24 


242.90 






660 


26 


274.90 


20,776 




60 Sluices. 






1000 


20 


186.10 






1020 


22 


213.30 






1040 


23 


227.80 






1060 


21 


199.4) 






1080 


30 


347.70 






1100 


24 


242.90 


28,344 
= 33,110 




itment 


43 X 2; 


2.00 X 35 = 




1040 


22 


213.30 




1060 


25 


258.60 






1080 


28 


309.90 






1200 


29 


328.40 






1220 


27 


292.00 






1240 


29 


328.10 






1260 


26 


274.90 






1280 


24 


242.9 t 






1300 


23 


227.80 






1320 


26 


274.90 






1340 


25 


258.60 






1360 


25 


258.60 






1380 


29 


328.40 






1400 


28 


309.90 






1420 


28 


309.90 






1440 


29 


328.40 






1460 


29 


328.40 


97,466 
= 30,100 




Abutment 


43 X 2( 


D.OO X 35 = 




1520 


14 


117.00 




1540 


12 


97.40 






1560 


8 


63.00 






1580 


• • 


• • 


5.548 






In 


SOLID WALL., 


.••••••••••• 


264,116 cubic metres 
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DETAILBD ESTIMATES OF THE COST OP THE RESiJRVOIR PROJECTS IN NOBIA. 



EBtaxnate of the cost of the Assu An dam to hold up "water to R. Li. f 1 5.0( 

[C)ntinu9d]. 





Rubble masonry in solid dam. 




DIKTANCB FROM LETT 


HEAD 
OF WATER 


AREA 
OF SECTION 


QOANTmSS 


QUANTITIBS 


Left channel. 













• • • 


• • • 






10 


2 


20 30 






20 


4 


33.40 






30 


10 


79.60 






40 


12 


97.40 






50 


15 


127.30 






60 


17 


149.30 






70 


18 


161.10 






80 


20 


186.10 






90 


21 


199.40 






100 


25 


258.60 






110 


26 


274.90 


31,745 




30 Slaicds. 










280 


20 


186.10 






290 


20 


186.10 






300 


24 


242.90 






310 


25 


258.60 






320 


24 


242.90 






330 


5 


40.40 






340 


1 


14.10 


23,422 


55,170 cubic metres 


Lock channel. 








« 





• • • 


• • • 






10 


5 


40.40 






20 


7 


55.20 






30 


16 


138.10 






40 


22 


213.30 






50 


24 


242.90 






2 Sluices. 










60 


24 


242.90 






70 


23 


227 80 






80 


13 


107.00 


25,352 


25,362 cubic metres 



Main Dam 264,116 

Left Channel 55, 170 

Lock Channel 25,352 

Cubic metres. • . 344,638 
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ASSUAN DAM. 



Jbstract of the cost of the AsssUdn dam to hold up "water to R. L. 1 f 8.00. 



Rubble masonry in solid dam.. 442,105 cubic metres at L.E. .8 = L.E. 353,684 

Rock excavation for lock 297,000 » » » .08= » 23,760 

Rubble masonry in lock 189,000 » » » l. = » 189,000 

Ashlar work » 5,000 

Lock gates 1,200 square metres » » 30. = » 36,000 

Granite ashlar 28,503 cubic metres » » 5. = » 142,515 

Sandstone ashlar 17,244 » » » 2.5 = » 43,110 

Rubble masonry under sluice.. 40,000 » » » 1.5 = » 60,000 

Rubble masonry in dam 82,057 » » » 1. = » 82,057 

Regulating apparatus 2,400 square metres » » 75. = » 180,000 

Clearing foundation » 50,000 

tlofferdams and pumping 9 30,000 

L,E. 1,195,126 
Contingencies 10 7« » 119,512 

L.E. 1,314,638 
Compensation + 10 7o » 346,000 

L.E. 1,660,638 
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DETAILED ESTIMATES OF THE COST OF THE RESERVOIR PROJECTS IN NUBIA. 



Estimate of the cost of the AhhuAii dam to hold up vrater to R.L.. 1 18.0U 



Rubble masonru in Solid dam. 



DISTANCE FROM RIGHT 


HEAD 
OP WATER 


AREV 
OF S CCTION 


QUANTITIES 


QUANTITIES 


Main dam. 






• 

















20 


5 


40.40 






40 


9 


71.20 






60 


13 


1(17.(10 






80 


14 


117.00 






io;j 


22 


213.3!) 






120 


31 


367.70 






140 


26 


274.90 






160 


21 


199.40 






180 


21 
20 


199.40 


31,806 

* 




200 


186.10 




220 


15 


127.30 






240 


18 


161.10 






260 


21 


l;;9.40 






280 


20 


186. 10 






300 


24 


242.90 


• 




320 


23 


227.80 






34 Sluices. 










500 


21 


19\40 






520 


20 


186.10 


34,326 
= 22,050 




Abutments 


42 X 3. 


5.00 X 15 = 




580 


17 


149.30 




6(J0 


21 


199.40 






620 


27 


292. (X) 






640 


27 


292.00 






6G0 


29 


328.40 


25,222 




60 Sluices. 










lOX) 


23 


227.80 




* 


1020 


25 


258.60 






1040 


26 


274. 9(J 






1060 


24 
33 


242.90 


20,104 




1080 


410.70 




1100 


27 


292.00 


14,054 
= 36,750 




Abutments 


43 X 2 


5.00 X 36 s 




^^ A/^A V Al^* V/ AA wk7 ••••••■•••vv 

1140 


25 


258.60 




llfiO 


28 


:^09.90 






1180 


31 


367.70 






12(J0 


32 


388.70 






1220 


30 


«47.70 


• 




1240 


32 


388.70 






1260 


29 


328.40 






1280 


27 
26 


292.00 


53,634 

t 




1300 


274.90 




1320 


29 


328.40 






1340 


28 


30:). 90 






1360 


28 


309.90 






1380 


32 


388.70 






1400 


31 


367.70 






1420 


31 


367.70 






144(J 


32 


388.70 






1460 


32 


388.70 


62,492 
= 34,615 




Abutments ••• 


43 X 21 


3.00 X 35 = 




1520 


17 


149.30 




1540 


15 


127.30 






1560 


11 


88.40 






1580 








7,300 






In SOI 


LID WALL 




342,353 cubic metres. 




i^X m^ V T «» &J U • • • • 4 


> 
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APPENDIX yill. — DETAILED ESTIMATES OF THE COST OP THE RESERVOia PROJECTi IN NUBIA. 23 



Estimate of the cost of the Assuftn dam to hold up ivater to R. Li. if 8.00 

[ Continued ]. 



Bubble masonry in Solid dam. 





HB&D 


AREA 


QUANTITIES 


QUANTITIBS 


DISTANCB IN RIOHT 












OF WATER 


OF SECTION 


CUBIC METRES 


CUBIC METRES 


Left channel firom left. 













• • • 


• • • 






10 


5 


40.40 






20 


7 


55.20 






90 


13 


107.00 




- 


40 


15 


127. 3<J 






50 


18 


161.10 






60 


20 


186.10 






70 


21 


199.40 






80 


23 


227.80 






90 


24 


242.90 






100 


28 


309.90 






110 


29 


328.40 


39,710 




30 Sluices. 




' 




m 


280 


23 


227.80 






290 


23 


227.80 






300 


27 


292.00 






310 


28 


309.90 






320 


27 


292.00 






330 


8 


63.40 






340 


4 


33.40 


28,926 


68,636 in Left channel 

* 


Ijock channel. 













• • • 


• • • 






10 


8 


63.00 






20 


10 


79.60 






30 


19 


173.30 






40 


24 


242.90 






2 Sluices. 










50 


27 


292.00 






60 


27 


292.00 






70 


26 


274.90 






80 


15 


138.10 


31,116 


31,116 in Lock channel 


Masonry under sluices. 


650 > 


< 20 X 3 


= 39,000 





Solid Dam 342,353 

Left channel 68,636 

Lock channel • 31,116 

Total in cubic metres. • • 442,105 
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CONTENTS OF RESERVOIRS IN NUBIA 



-A.iPi'EisriDisc ix:. 



CONTENTS OF RESERVOIRS IN NUBIA 



APPENDIX IX. 



3 



Contents of the law level Reservoir at Silsila. 



i 

•J 

id 


AREA 

R. L. t7 

To R. L. 40« 


ec 
1- 

o 

M 


AREA 

R. L. 87 

To R. L. iOO 


b3 

06 
H 
U 

S 
o 


AREA 

R. U 87 

To R. L. 100 


Cd 

H 
U 

S 

s 


AREA 

R. L. 87 

To K. L. 100 


W 

s 


AREA 

R. L. 87 

To R. L. luO 




1 


8866 
39350 


41 


1,669,504 
15117 


81 


2,260,642 
4740 


121 


2,434,139 
2875 


161 


2,532,818 
2253 


2 


81747 


42 


28287 


82 


5686 


122 


2875 


162 


1915 


3 


93685 


43 


26380 


83 


5266 


123 


2875 


163 


2077 


4 


34816 


44 


20087 


84 


7184 


124 


2875 


164 


1871 


5 


43383 


45 


2799;) 


8> 


5502 


125 


2442 


165 


1699 


6 


44855 


46 


35619 


86 


3997 


126 


2163 


163 


1856 


7 


38593 


47 


17999 


87 


3854 


127 


2204 


167 


1593 


8 


49152 


48 


18334 


88 


0135 


128 


2352 


168 


1864 


9 


47893 


49 


21755 


89 


4015 


129 


2701 


169 


1035 


10 


49550 


50 
51 


18203 


90 
91 


4981 


130 

in 


2651 


170 
171 


1568 


11 


53350 


12813 


3784 


3261 


1424 


12 


59384 


52 


21189 


92 


2865 


U2 


29J1 


172 


1403 


13 


41427 


53 


23476 


93 


5739 


133 


2548 


173 


lv28 


14 


47055 


54 


22351 


94 


4329 


134 


1742 


174 


1264 


15 


35799 


55 


15454 


95 


4259 


135 


2210 


175 


904 


16 


21494 


56 


17438 


96 


4593 


136 


2531 


176 


865 


17 


19126 


57 


23054 


97 


4289 


137 


2648 


177 


604 


18 


30030 


58 


16336 


98 


4663 


138 


2727 


178 


895 


19 


40416 


59 


22613 


99 


5799 


139 


2666 


179 


886 


20 


69250 


60 
61 


27105 


100 
101 


5310 


140 
141 


1947 


180 
181 


1004 


21 


61015 


12931 


4828 


1772 


1031 


22 


72967 


62 


12931 


102 


4562 


142 


1887 


182 


962 


23 


77523 


63 


12931 


103 


4350 


143 


2075 


183 


864 


24 


68038 


64 


12931 


104 


380i 


144 


1840 


184 


606 


25 


64239 


65 


12931 


105 


3910 


145 


2098 


185 


?58 


26 


49094 


66 


12931 


106 


3827 


146 


2115 


186 


331 


27 


55319 


67 


17700 


107 


3548 


147 


2324 


187 


292 


28 


34369 


68 


2590 


lOS 


3497 


148 


2280 


188 


494 


29 


29064 


69 


5650 


109 


4237 


149 


2113 


189 


521 


30 


34019 


70 
71 ^ 


6437 


110 
111 


4885 


150 
151 


2239 


190 
191 


340 


31 


35740 


4613 


4610 


1910 


254 


32 


23476 


72 


4972 


112 


4447 


152 


1814 


192 


209 


33 


17858 


73 


4392 


113 


5026 


153 


2185 


193 


140 


34 


15528 


74 


4219 


114 


4856 


154 


2576 


194 


84 


35 


13318 


75 


5651 


115 


1048 


155 


2836 






36 


9383 


76 


6487 


116 


2215 


156 


3122 






37 


10367 


77 


4234 


117 


3098 


157 


3139 






38 


11044 


78 


5787 


118 


3423 


158 


2925 


• • 




39 


15739 


79 


4647 


119 


2902 


159 


3289 






•40 


22483 


80 


4570 


120 


3400 


160 


2916 








1,669,504 


2,260,642 


2,434,139 


2,532,818 


2,567,512 



Reservoir to R. L. 100 — 2,568,000,000 cubic metres. 
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CONTEN'TS OF RESKRVOiaS IN NCBIA. 



Contents of the lii^li Ic^vel R(^Hc^v<>ip at Kil^nila. 



ec 
I- 



ui 




1 
2 
H 
4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
IG 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
3'J 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 



A III; A 

R. L. v> 

Til H. I.. 1(11 



1-2704 

5518<> 
r>454> 
75l3f) 
7451)1 
0415:^ 
81)581 

80288 



92:^2 
1034:21 
853;?(> 
88(585 
4r;743 
55503 
4O0th 
9590;) 
68.^03 
99440 



86171 
10)325 
109507 
99178 
88193 
67337 
80053 
5 1953 
44223 
45017 



4461^1 
25652 
18607 
15 125 
14535 
7915 
10412 
11208 
1()182 
26847 



16432 
19054 
29510 
20572 
3823 ) 
42221 
20561 
19593 
22755 
14751 



2,713,981 






X 
H 
Ui 

o 

ad 



51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

61 
62 
63 
64 
65 
66 
67 
68 
69 
70 

71 
72 
73 

74 
75 
76 
77 
78 
79 
80 

81 
82 
83 
84 
85 
86 
87 
88 
89 
90 

91 
92 
93 
94 
95 
96 
97 
98 
99 
100 



ARK A 

n. L. '.lo 

To It. l..H)\ 



*'.< 



13,981 
16307 
25S35 
27673 
27793 
2(),?12 
161 )T) 
2221)9 
1:M71 
18708 
22958 



11554 

1 155 1 

1 1554 

11554 

11554 

1 155 1 

24573 

4716 

8340 

9653 



69^-3 
7152 
63(58 
6129 
8259 
9747 
(5260 
8(537 
6987 
7010 



7110 
8606 
8426 
11084 
8448 
6302 
6321 
9194 
6143 
7547 



6012 
5249 
9159 
7431 
7185 
7483 
6769 
7721 
9101 
8702 



3,269,304 






101 
102 
103 
101 
105 
106 
107 
108 
109 
110 

111 
112 
113 
114 
115 
116 
117 
118 
119 
120 

121 

1r)-> 

123 
124 
125 
126 
127 
128 
129 
130 

131 
132 
133 
14 
135 
13(5 
137 
138 
139 
140 

141 
142 
143 
144 
145 
146 
147 
148 
149 
150 





u: 


AllKA 


X 
H 


It. L. «jo 


9> 







T.. U. L. 104 i 




1 


■jC 


• 

3,269,301 




7780 


151 


7:^0) 


152 


6991 


153 


6480 


154 


6745 


155 


6331 


15<) 


5913 


157 


5837 


158 


7062 


159 


8113 


IGI 


7580 


7475 


162 


8520 


1(53 


8634 


164 


1718 


165 


li7()5 


im 


50eo 


1(57 


5669 


1(58 


4842 


1(19 


6510 


170 
171 


4835 


48 5 


172 


4835 


173 


4835 


174 


397(5 


175 


3737 


176 


3774 


177 


4052 


178 


4888 


179 


5341 


180 
181 


53S7 


5)14 


182 


4581 


183 


43S5 


184 


4; 95 


185 


4824 


186 


47(56 


187 


4959 


188 


49(M) 


189 


3578 


190 
191 


3340 


3595 


192 


3872 


193 


3184 


194 


3877 


195 


4008 


19(3 


4107 


197 


440(5 


198 


4185 


199 


4473 


200 


3,528,706 



AREA 

R. L. 90 

To R. I.. I0( 



3,528,7^)6 
3754 
3^25 
4530 
5398 
58(H 
6346 
6477 
6224 
8257 
5913 



6911 
4380 
4741 
4317 
3951 
4595 
4035 
4713 
3(530 
4141 



3963 
3917 
350') 
3914 
3102 
2885 
216^ 
3228 
3214 
3909 



4031 
3983 
3745 
2843 
2219 
2549 
3072 
4524 
3756 
2821 



2482 
2392 
2213 
1919 
2035 
1963 
1824 
1743 
1928 
2061 



3,718,552 




201 
202 
2!)3 
201 
2)5 
206 
207 
2)8 
209 
210 

211 
oi-> 

213 
214 
215 
216 
217 
218 
219 
220 

•>*>! 

^^> 1. 

224 

fc)Orv 

255 

230 

231 
232 
233 
234 
235 
2m 
237 
238 
239 
240 

241 
242 
243 
244 
245 
246 
247 
248 
249 
250 

251 
252 
253 
254 
255 



AREA 
R. L. VO 

To R. L. 104 



3,718,552 
18:^4 
1754 
1732 
18(58 
1822 
20^ 
1882 
1441 
1284 
1098 

1322 
1291 
1375 
1469 
1633 
1442 
1273 
1384 
1201 
1(J61 

1037 
1222 
1157 
1241 
1362 
1429 
1344 
13i)2 
1501 
1072 

1018 
1112 
1332 
1191 
973 
1097 

m 

653 
538 
872 

245 
545 
50) 
483 
327 
327 
135 
183 
180 
138 

137 

81 

52 

46 

25^ 

3.774,379 



Reservoir to R. L. lOl.OO — 3,774.000,000 cubic metres. 
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Contents of low Ic^vt^l R(*sei*v<»ir at AssuAn. 



b3 

GE 


AHEA 


AREA 


> 

X 


AREA 


AHKV 




AREA 


AREA 




OF SECTION 


Of SECTION 




OF SECTION 


OF SF.CTION 




OF SECTION 


OK SECTION 


c 


R. L. n 


II. L. u:i 


c 


R. I.. 1)3 


i:.L. 93 


C 


R. L. v:i 


R.L. 03 


M 


To R. L. 105 


In H. 1.. lott 


uc 


Til H. L. lcir> 


To R.I.. 106 


i^ 


To R. Is, in-, 


To R. L. 106 










452,258 


490.103 




712,457 


788,018 


1 


31105 


32985 


51 


4251 


5(:02 


101 


4f)82 


5342 


2 


5997 


G951 


52 


4\m 


5737 


102 


5450 


6197 


3 


97:$C 


10193 


53 


4:i()5 


4901 


im 


4337 


5107 


4 


12788 


1:5620 


54 


Gr]12 


7117 


104 


4833 


5533 


5 


91«9 


9814 


55 


4:J85 


4994 


1(J5 


4018 


528(.> 


6 


9554 


1011(5 


50 


4385 


4994 


106 


45()7 


5227 


Mi 

4 


82i)0 


8801 


04 


4:W5 


4994 


107 


4097 


4702 


8 


8123 


8620 


58 


4385 


4994 


108 


4589 


5271 


y 


10777 


11459 


59 


G848 


7321 


109 


. 30vS2 


4272 


10 


12624 


13514 


00 
61 


3505 


3950 


110 
111 


3415 


3957 


11 


8286 


8813 


3492 


3929 


2014 


3126 


u 


11945 


11744 


62 


3707 


4344 


112 


3838 


4460 


13 


8809 


9454 


63 


5449 


0019 


113 


3829 


4454 


14 


9221 


J)88:t 


64 


5971 


00' 11 


114 


4719 


5541 


15 


8808 


947(5 


65 


())11 


()0)1 


115 


4811 


50 K) 


10 


9929 


10727 


60 


51)09 


0429 


116 


4703 


5553 


17 


11371 


12346 


07 


5172 


578 1 


117 


4497 


5262 


18 


14999 


16271 


68 


48G2 


54< ) 3 


118 


3435 


4042 


19 


11319 


12104 


69 


4805 


54' >2 


119 


280:* 


3448 


20 


8313 


9.)40 


70 
71 


5381 


5954 


120 
121 


3311 


4038 


21 


8142 


8829 


5316 


5911 


4282 


5502 


22 


11180 


12205 


72 


5544 


0139 


122 


50)1 


6693 


23 


5819 


6469 


73 


5170 


0)S5 


123 


4593 


5135 


24 


9818 


1(J6:)2 


74 


4073 


4018 


124 


3458 


4100 


25 


7802 


8504 


75 


3707 


4234 


125 


3;K57 


3664 


2G 


7611 


8a>6 


76 


4020 


4505 


126 


2972 


3567 


27 


11568 


12790 


77 


4382 


4977 


127 


2770 


3335 


28 


7010 


7955 


78 


3901 


4361 


128 


2399 


2889 


29 


8636 


9641 


79 


4337 


4837 


129 


2560 


3:)92 


30 


9282 


10330 


80 
81 


4498 


4990 


130 
131 


248) 


3004 


31 


7036 


7818 


4009 


5119 


2314 


2809 


32. 


8108 


9770 


82 


4943 


5488 


132 


2223 


2713 


33 


5487 


&-)92 


83 


4722 


5289 


133 


2451 


2982 


34 


7999 


9111 


84 


5085 


5712 


134 


2623 


3190 


35 


8202 


9163 


85 


4240 


4746 


135 


2346 


2806 


36 


7709 


8602 


86 


4345 


4877 


136 


2255 


2701 


37 


7389 


8239 


87 


5140 


5700 


137 


2229 


2734 


38 


6967 


7780 


88 


6128 


r,S08 


138 


2378 


2895 


39 


7341 


8176 


89 


6576 


7371 


139 


2334 


2851 


40 


6659 


7524 


90 
91 


7174 


8014 


140 
141 


259) 


3178 


41 


6499 


7371 


7324 


8177 


2456 


3035 


42 


6447 


7267 


92 


7086 


7908 


142 


1880 


2341 


43 


7847 


8707 


93 


9289 


10400 


143 


1685 


2093 


44 


8903 


9870 


94 


6823 


7750 


144 


1450 


1807 


45 


8502 


9492 


95 


7766 


8048 


145 


1752 


2189 


46 


8:i90 


9457 


96 


5030 


5092 


146 


1710 


2i;w 


47 


9677 


108(59 


97 


5423 


0113 


147 


1830 


2294 


48 


9873 


11325 


98 


4947 


5584 


148 


1974 


2486 


49 


1950 


2142 


99 


4533 


5118 


149 


2207 


2780 


50 


4154 


4547 


100 


5277 


5964 


150 

• 


1940 


2442 




452,258 


496,103 


712,457 


788,018 

• 


872.195 


978.356 
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CONTENTS OP RCSERVOm IN NOBIA. 



Contents of ioio ienel Reserooir at Assudn [G >ntinued]. 





AKKV 


ARKA 




AREA 


AREA 


ti3 


AREA 


AREA 


Z 


OF SECTION 


OF SECTION 


0p 


OF SECTION 


OF SECTION 


9! 


OF SECTION 


OF SECTION 


o 


R.L. V3 


R. U. «.1 


■^ 
U 


R. 1.. »9 


H.I.. «9 


O 


B L. •.1 


R. L. 113 


at 


To R.L. lOS 


To R. I . lOH 


la 


To H.I.. tOJ 


To R. 1.. too 


:tt 


To R. L. IAS 


To R. L. 106 




872.195 


978,356 




909,(17(5 


1,026,472 




9^5,818 


1,055,105 


151 


2417 


2181 


171 


1391 


1998 


191 


436 


942 


152 


188(; 


2397 


172 


1175 


1702 


192 


310 


1127 


153 


1728 


2270 


173 


1018 


1530 


193 


360 


960 


154 


1588 


2122 


174 


13<;9 


20(M 


194 


249 


696 


155 


1566 


2103 


175 


515 


1276 


195 


375 


821 


156 


1761 


2310 


176 


1247 


2036 


196 


204 


764 


157 


16;'7 


2102 


177 


1172 


1924 


197 


91 


562 


158 


178*} 


2348 


178 


1198 


1928 


198 


82 


546 


159 


1914 


2424 


179 


884 


1454 


199 


34 


466 


160 


2027 


2633 


18(J 
181 


1002 


1699 


200 
201 


• • 


592 


161 


1921 


25')3 


495 


995 




515 


162 


1883 


2473 


182 


644 


nil 


202 






348 


163 


2189 


2885 


183 


737 


1356 


203 






252 


164 


1712 


i:357 


184 


643 


1213 


204 






323 


165 


15(K) 


1992 


185 


724 


1359 


305 






363 


166 


1836 


2573 


186 


576 


11*56 


206 






25S 


167 


2021 


2718 


187 


422 


819 


207 






175 


168 


1927 


mis 


1S8 


528 


1044 


208 






123 


169 


1697 


2428 


189 


532 


1050 


209 






3;' 


170 


1895 


2620 


190 


470 


970 


• • 


• < 




• • 




909,070 


1,026,472 


925,818 


1,055,106 


927,959 


1,064,970 



Reservoir to R. L. 105.0:) — 928,000,000 cubic metres. 
Reservoir to R. L. 106.00 — 1,065,000,000 cubic metres. 
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APPENDIX IX. 
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Contents of the Iiigli level 


Assudn ] 


R.eser^ 


I'oir. 




u 


AREA 


AREA 


Urn 


AREA 


AREA 


u 


AREA 


AREA 


7; 


OF SECTION 


OF SECTION 




OF SECTION 


OF SECTION 


w 


OF SEOTI'^iX 


OF SECTION 




^ 


R. L. 96 


R. L. 96 


c 


R. L. 96 


R. L. 96 





R. L. 96 


R. h. 66 


2 


To». L. 113 


To R. L. H8 


i^ 


To R.I-. 115 


To R.L, 118 


^ 


To R. L. Ilj 


To R. L. 1 18 










801,757 


965,795 




1,434,652 


1,727,0(;7 


1 


50006 


56:^88 


51 


14046 


17443 


101 


15048 


19293 


2 


18044 


21591 


52 


i'.28:t 


i(>j75 


102 


16026 


20278 


3 


17693 


20249 


53 


12974 


16019 


103 


14349 


18354 


4 


21440 


24149 


54 


16354 


19849 


104 


13156 


16636 


5 


11603 


13695 


55 


10640 


12635 


105 


12330 


15472 


6 


10686 


12540 


56 


10640 


12635 


106 


12313 


15628 


7 


9583 


10945 


57 


10640 


12635 


107 


10681 


12983 


8 


9364 


10906 


58 


10640 


12635 


lOS 


17405 


23345 


9 


12532 


14834 


59 


8690 


10191 


109 


15767 


22067 


10 


16795 


199:57 


60 
61 


8;W9 


9988 


110 
111 


17035 
15718 


23980 


11 


9944 


11640 


8159 


9689 


22273 


12 


14555 


17097 


62 


10455 


12675 


112 


17690 


24' (50 


13 


11898 


13998 


63 


11520 


13504 


113 


16992 


23097 


14 


12356 


14501 


64 


12338 


14288 


114 


18442 


26384 


15 


11970 


142. )5 


65 


13622 


16104 


115 


17469 


23379 


16 


150 )3 


17(>3:j 


66 


138' )9 


1(5479 


110 


1 ;825 


23645 


17 


18313 


21586 


67 


14742 


17907 


117 


16275 


21405 


18 


20953 


24965 


68 


11327 


13367 


118 


14616 


19288 


19 


14735 


17427 


69 


11222 


13224 


119 


13791 


18808 


20 


1<?655 


15145 


70 
71 


ll']31 


13206 
13871 


120 
121 


16034 


21179 


21 


12472 


14939 


11869 


18338 


23415 


22 


16720 


19990 


72 


12121 


14198 


122 


18444 


23196 


23 


12501 


15K36 


73 


13520 


14890 


123 


15453 


19533 


24 


14707 


17747 


74 


10337 


12482 


124 


13397 


17019 


25 


12391 


14821 


75 


9701 


11703 


125 


10815 


14257 


26 


18683 


23129 


76 


9945 


12060 


126 


9966 


12793 


27 


19946 


242)1 


77 


10713 


12858 


127 


9402 


12079 


28 


119U3 


15248 


78 


9088 


10820 


128 


8006 


10031 


29 


17534 


22229 


79 


9581 


11209 


129 


8657 


11124 


30 


18123 


22015 


80 
81 


10206 


12156 


130 
131 


8683 


11015 


31 


16835 


20706 


10284 


12144 


8810 


11667 


32 


20006 


24746 


82 


10730 


12612 


132 


8788 


11465 


33 


15951 


20166 


83 


11184 


13291 


133 


9267 


12364 


34 


18408 


23083 


84 


13450 


16547 


134 


9251 


11846 


35 


18783 


23412 


85 


10061 


12041 


135 


8476 


11041 


36 


16172 


19701 


86 


11681 


14366 


136 


8140 


10505 


37 


15004 


18026 


87 


11376 


14878 


137 


8150 


10325 


38 


14678 


18035 


88 


13843 


16273 


138 


8183 


10305 


39 


15142 


18104 


89 


15191 


17906 


139 


8163 


10177 


40 


14867 


18132 


90 
91 


17508 


20943 


140 
141 


9294 


11934 


41 


16113 


19690 


19266 


23526 


8882 


11463 


42 


14963 


18515 


92 


20485 


25150 


142 


7351 


9646 


43 


16521 


20398 


93 


24966 


30276 


143 


6377 


8301 


44 


18008 


21985 


94 


19002 


23412 


144 


5597 


7074 


45 


17013 


20545 


95 


18180 


21675 


145 


6644 


8339 


46 


19105 


23335 


96 


12604 


15169 


146 


6473 


8273 


47 


20573 


24863 


97 


13022 


15549 


147 


7294 


9581 


48 


25325 


30960 


98 


12464 


15321 


148 


7563 


9495 


49 


. 3612 


4474 


99 


11260 


13780 


149 


8406 


10618 


50 


9485 


11817 


100 


15436 


19418 


150 


7546 


9676 




801,757 


965,795 


1,434,652 


1,727,067 


2,023,435 


2,497,768 
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CONTfiNTi OP RKSERVOIRS IS NUHIA. 



Contents of the high leoel Assudn Reservoir [G>ntinued]. 





ARKA 


AREA 


b3 


AREA 


AREA 


ha 


AREA 


AREA 


E2 

Ji 


OF SF.CTION 


OK SECTION 


r" 

u: 


OF SECTION 


(IF SECTION 


r- 
U 


OF SECTION 


OF SECTION 


s 


R. 1.. Ml 


R.L. M 




K. 1.. »« 


H. 1,. Ml 


3 


B.L. M 


R. L. 94 


>6 


To R. I.. IIS 


To 1.. 1.. IIK 


•jC 


To R.L. II* 


To n.L. 118 


:tf 


ToR. I_ 113 


To H.L. UN 




2,023,435 


2,497,7(]8 




2,410,191 


3,011,318 




2,674,916 


3,439,980 


151 


6738 


8778 


201 


59i>7 


9397 


251 


2659 


4486 


152 


75r]8 


9705 


202 


6077 


9669 


252 


2972 


4742 


153 


7546 


9571 


203 


5788 


8672 


253 


2865 


4642 


154 


7339 


9376 


204 


5587 


8032 


254 


3789 


6018 


155 


72m 


9:^)1) 


205 


5792 


8897 


255 


349(5 


5611 


156 


7463 


9870 


206 


6535 


10;k'>2 


25(5 


3374 


54*0 


157 


6860 


8825 


207 


7157 


10987 


257 


2189 


3891 


158 


7935 


10252 


208 


7414 


1(K)84 


258 


3986 


6750 


159 


8224 


10924 


209 


7827 


lll'»4 


259 


4671 


7881 


16) 


8854 


115(51 


210 
211 


6:^37 


9532 


260 
261 


3451 


6293 


161 


8435 


11(»7 


6737 


10484 


3456 


6193 


162 


8448 


11170 


212 


587(J 


9178 


262 


4152 


6897 


163 


9948 


13018 


213 


580'.) 


9450 


263 


2935 


5095 


164 


8132 


10625 


214 


7211 


11627 


264 


2436 


4123 


165 


775:-; 


105()8 


215 


6501 


io:«}(> 


265 


2028 


3588 


166 


10110 


i:U70 


216 


5580 


7695 


26G 


24:w 


4973 


167 


9285 


11677 


217 


3<)80 


5510 


267 


■.iSSS 


5723 


168 


9674 


1242() 


218 


4587 


(>;J42 


2(« 


2387 


4794 


169 


9474 


12204 


219 


6347 


11034 


269 


3030 


5344 


170 


10021 


12876 


220 
221 


9219 


13534 


270 
271 


2510 


4475 


171 


8169 


10839 


7333 


10895 


2521 


4411 


172 


7551 


102^J3 


222 


9558 


134<54 


272 


2292 


4177 


173 


7597 


10605 


223 


74:«) 


11(570 


273 


1741 


3184 


174 


8739 


11589 


224 


5993 


9998 


274 


1570 


2905 


175 


8849 


11571 


225 


5108 


9;)84 


275 


1594 


2951 


176 


9849 


12783 


226 


5371 


8986 


276 


1036 


19^7 


177 


9274 


12046 


227 


49. )8 


940(5 


277 


1486 


2779 


178 


9051 


11743 


228 


3190 


6479 


278 


1517 


2909 


179 


738:) 


1(K)27 


229 


3821 


7435 


279 


1266 


2443 


180 


8800 


11927 


230 
231 


am 


11328 


280 
281 


1473 


2926 


181 


8329 


11017 


6283 


10348 


2292 


4399 


182 


8o:« 


11367 


232 


5381 


9472 


282 


2180 


44(K) 


183 


7467 


in)33 


233 


4998 


1180) 


283 


2:)67 


4887 


184 


7313 


10070 


234 


3529 


5246 


284 


1746 


4176 


185 


7494 


10014 


235 


2870 


5754 


285 


2415 


5133 


186 


76(58 


9768 


236 


2480 


4741 


286 


2391 


5091 


187 


52% 


7472 


237 


2871 


5671 


287 


1862 


4966 


188 


5949 


8022 


238 


4987 


7522 


288 


1147 


3014 


189 


5896 


7850 


239 


6930 


10699 


289 


1449 


3556 


190 


5776 


7748 


240 
241 


5478 


8453 


290 
291 


1631 


4104 


191 


5917 


irm 


4293 


6916 


1890 


4987 


192 


9110 


11105 


•MO 


4076 


7481 


292 


2126 


5108 


193 


7327 


98()2 


243 


3533 


6353 


293 


14(57 


3799 


194 


6556 


8888 


244 


3148 


5518 




1446 


3613 


195 


6180 


8737 


245 


2794 


6892 


295 


879 


2379 


196 


6479 


9021 


246 


3556 


5933 


296 


769 


2723 


197 


5854 


8940 


247 


3261 


5046 


297 


706 


2258 


198 


5282 


7292 


248 


2708 


4283 


298 


1118 


3303 


199 


5857 


8999 


249 


2493 


4443 


299 


890 


4055 


200 


6368 


9300 


250 


2675 


4206 


303 


1153 


4355 




2,410,194 


3,011,318 


2,674,916 


3,439,986 


2,785,058 


3,657,987 
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APP2NDIX IX. 



Contents of the high level Asstidn Reservoir [G>ntinuedJ. 





AREA 


AREA 




AREA 


AREA 


b3 

as 


AREA 


AREA 


" 




OF SECTION" 


OF SECTION 




OF SECTION 


OF SECTION 




OF SECTION 


OF SECTION 


O 
•J 


R. t. »6 


R. L. 96 


o 


R. L. M 


R. L. «6 


s 


R. L. 96 


R. L. M 


i6 


To R. L. 113 


To R. L. 118 


&< 


To R. L. 115 


To R. L. 118 


vt 


To R. L. Ii5 


To R. L. Kg 




2,785,058 


3,657,987 




2,792,658 


3,712,245 




792,658 


3,733,103 


301 


1176 


3790 


331 




1722 


341 






187 


302 


981 


3315 


322 






1526 


342 






232 


303 


888 


3178 


323 






1663 


343 






142 


304 


929 


3521 


324 






1889 


344 






52 


305 


830 


3515 


325 






1585 








• • 


306 


691 


3173 


326 






1463 








• < 




307 


562 


2902 


327 






1272 








• 




308 


260 


1745 


328 






1404 








 • « 




309 


237 


3257 


329 






936 








• 1 




?10 


262 


2772 


330 
331 






780 








• 1 




311 


386 


3353 




1312 


• • 


• • 


312 


219 


2469 


332 






■962 








• i 




313 


121 


1975 


333 






1018 








• i 




314 


58 


1820 


334 






605 








• 4 




315 




1867 


335 






616 








• « 




316 




2096 


336 






683 








% 1 




317 


\ 


3162 


337 






542 








• « 




318 




2787 


338 






398 








• 1 




319 




2474 


339 






242 








• < 




320 




2087 


340 






240 








• « 






2,792,658 


3,712,245 


2,792 


,658 


3,733,103 


2,792 


1,658 


3,738,716 



Reservoir to R. L. 115.00 — 2,792,000,030 cubic metres. 
Reservoir to R. L. 118.00 — 3,733,000,000 cubic metres. 



(Tbe slight reduction caused by raising the floor of the undersluices is more thaa 
covered hy the increase owing to the numerous deep ravines on both banks of the Nile). 
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CONTENTS OF RESEHVOIKS IN NUBIA. 



Contents of the Ksilah$<lia R4*}<ei*v(iii*. 



U - H 


.\»F.\ 


AKKA 


J. 

■^ ^ H 


ARK\ 


Ann\ 


ii5 


AREA 


AHEA 


H "^ < 
U - ^ 


(^r SK«.TION 


OF SKCTION 


__ "" ^^ 

— ^ 3 


i»K SKi.riON 


n|- >K<.TIi».N 


S ? - 


Of sei;tios 


OF SECTIOS 


^' c ^• 

^. « := 


H. L. «»K 


|{. L. *ni 


22 -"" ^" 


H. I.. W 


|{. i.. Viii 


C ^ ^ 


II. 1.. tilt 


n. 1.. (W 


^ <*•   


T.> i\. 1.. ii;. 


Tn ». !.. !lH 


"2 • 


To |{ 1.. II.-. 


Tn n. 1.. M5^ 


^ " 


Til «. 1.. iir, 


Tu U. 1.. Ill 










007,533 


72J,540 




1,19.3,28J 


l,49J.2ll 








101 


15018 


10203 


151 


673S 


8778 








H )2 


1(5).>(5 


2 )2 . 8 


i:>2 


75(38 


0705 


53 


1-2074 


10 »li) 


1113 


14319 


1835 1 


ir.3 


754f; 


9571 


51 


1(]351 


10840 


101 


1315(5 


1(5(53 5 


151 


7330 


9376 




101540 


12(530 


1(15 


12:{3 ) 


15172 


155 


7230 


93 i(J 


50 


10 540 


12030 


100 


12313 


15f52S 


150 


7:»(53 


9S7i) 


57 


H )l JH ) 


12(53.) 


107 


1(1: 551 


12053 


157 


0^(.O 


8.S25 


5.S 


10:510 


12030 


li»8 


17405 


23345 


15S 


7935 


K »;?52 


51) 


8' 500 


10101 


100 


157(57 


22 ) 57 


159 


8224 


lO'JlM 


DO 


838<5 


0088 


110 
111 


171 »35 


2308 ) 


11 U 


8851 


115i51 


f;i 


8150 


9:5S0 


15718 




8435 


11037 


(•»:> 


1(1155 


12 575 


112 


17(500 


2405) 


V<2 


814S 


11170 


^v^ 


115,>I 


13504 


113 


1(5002 


23 r.)7 


1C.3 


9948 


13018 


(54 


1:2338 


112S.S 


HI 


IKl 12 


2(53'<1 


1(14 


8432 


10052 


(15 


135J-2 


1(5101 


115 


174150 


23370 


1(15 


4 iO'i 


K »5*3S 


(>(*> 


138! 10 


1(5470 


IK) 


i:825 


23 545 


im 


miiu 


13170 


(57 


14712 


170 )7 


117 


1(5275 


21405 


l(i7 


9285 


11(577 


(58 


113J7 


133.57 


lis 


14(516 


1028>; 


1(13 


'.XJ74 


12m 


(5!) 


11222 


13.>24 


no 


13701 


1S8( ).S 


1()9 


5M74 


122U4 


70 


11331 


13 JO. 5 


120 
121 


1(5)31 


21179 


170 
171 


mu2i 


12S7t5 


71 


11850 


13'<(51 


18338 


23115 


8169 


10839 


72 


12101 


14178 


122 


18414 


2310(5 


172 


7551 


10293 


7;{ 


12:.20 


14N0O 


123 


15453 


10533 


1-3 


7597 


10:jO5 


74 


10337 


121S2 


124 


13307 


17010 


174 


873 » 


U5S9 


to 


97111 


11703 


125 


10>15 


14257 


175 


8X49 


11571 


7(> 


0015 


12K50 


12(5 


000(5 


12703 


I7(i 


9849 


12783 


77 


10713 


12858 


127 


0102 


12070 


177 


9274 


12046 


78 


9()S8 


1( )S2( ) 


128 


80 )!» 


10)31 


178 


9< 151 


11743 


7\) 


0581 


1 1 2. )9 


120 


8f:57 


11124 


179 


73S(l 


10 )2r 


8() 


H )2i Hj 


12150 


13) 
131 


8(583 


11015 


IW 
181 


88(JJ 


11927 


81 


10284 


12144 


8810 


11007 


8329 


11017 


82 


1073.1 


12(512 


132 


8788 


114(55 


I8i 


»m 


11376 


^^3 


11181 


13201 


133 


02(57 


123 51 


18.'{ 


74u7 


9.)33 


84 


13450 


1(3517 


134 


0251 


11840 


1^ 


7313 


9870 


85 


100151 


12011 


135 


8170 


11041 


185 


7494 


1(^44 


Hi 


11(581 


143(50 


130 


8110 


K )5i )5 


186 


7f.(W 


9768 


87 


1337(5 


10N78 


137 


8150 


10325 


187 


5296 


7472 


88 


13S43 


1(5J73 


138 


8183 


K )3i )5 


188 


5949 


8«)22 


80 


15191 


170 )i) 


130 


81(53 


10177 


189 


5896 


785(J 


9() 


17508 


20:) 13 


140 
141 


9204 


11934 


15K) 
191 


5//U 


7748 


91 


192(5(3 


2352(5 


8882 


114(53 


5721 


7533 


1)2 


20485 


25150 


142 


7351 


9(54(5 


192 


9110 


111(J5 


03 


2 1000 


30i>70 


143 


0377 


8301 


193 


7327 


9862 


94 


190)2 


23112 


144 


5507 


7074 


15M 


6556 


8888 


95 


18180 


21(575 


145 


(5014 


8330 


195 


6181 


8737 


9ij 


1201)4 


151(59 


140 


6473 


8273 


196 


6479 


9(r2l 


97 


13(122 


15549 


147 


7294 


9:,81 


197 


5854 


8940 


98 


12404 


15321 


148 


7508 


8495 


198 


5282 


7292 


99 


11200 


13780 


149 


8100 


10618 


199 


6168 


9310 


100 


15430 


19418 


150 


7546 


9676 


200 


6368 


930J 




607,533 


729.540 


1,190,280 


1,499,211 


1,583,260 


2,012,712 
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APPENDIX [X. — CONTENTS OF RBSEKVOIBS IS SOBIA. 







Contenta of Kalabsha Heserooir £G 


nlinind]. 






s_^ 


AKE. 


ARE* 


*i- 


AREA 


AHU 


'■^-^ A 


EA 


AREA 


E'i 


OF SEUtlON 


OK SECTION 




OE SECTION 


OK -ECTION 


I;: OK, 


CTION 


OK SECTION 


a^^ 


R.I- W 




325 


R. L-M 


R. 1.. .j« 


sii "■ 


.M 


R.I.. 98 


$"" 


TOR. I. 115 


TOR. I.. II! 


s^" 


T.. H.Ln; 


TOR.L, ll» 


3 " TuR 


I,. US 


TnH.E 1IA 




1,583,20'! 


2,012,712 




1,845,770 


2,440,481 


1,95 


5,912 


2,657,409 


201 


5997 


911)0 


251 


2669 


4480 


301 


1176 


3799 


a)2 


6077 


9669 


252 


2972 


4742 


312 


931 


3315 


203 


5788 


8672 


253 


2865 


4012 


303 


888 


3178 


201 


5587 


8032 


251 


3789 


6018 


391 


929 


3.521 


205 


5792 


8897 


2,55 


3196 


5611 


305 


830 


3515 


20G 


6535 


10352 


250 


3374 


.5189 


396 


691 


3173 


207 


7157 


10977 


257 


2189 


3S91 


307 


582 


2902 


203 


7414 


10981 


258 


3986 


675' 1 


308 


260 


1745 


20!) 


8115 


11392 


259 


4671 


7881 


309 


237 


2257 


210 


633? 


9532 


260 
261 


3151 


6293 


310 


262 


2772 


211 


0737 


10384 


3456 


6193 


311 


386 


3353 


212 


.'>S76 


9178 


2.)2 


41.52 


0897 


312 


219 


2469 


213 


5809 


91.50 


263 


29.35 


.5! 185 


313 


121 


1975 


214 


7211 


11027 


261 


24:t6 


4123 


311 


58 


1820 


21& 


&5II1 


10366 


266 


2028 


3588 


315 




1807 


2ir> 


5580 


7695 


266 


21.38 


4973 


316 




2090 


217 


3980 


5510 


267 


2888 


5723 


317 




3162 


218 


4.587 


6342 


268 


2387 


4794 


318 




2787 


219 


6317 


11031 


269 


30311 


5314 


319 




2474 


220 


6219 


10531 


270 
271 


2510 


4475 


32) 




2,187 


221 


7333 


10895 


2521 


4411 


331 




1722 


222 


9558 


13161 


272 


2292 


4177 


322 




1.526 


223 


7431) 


11670 


273 


1711 


3181 


323 




1063 


224 


5993 


9998 


274 


1570 


2905 


324 




1889 


225 


5108 


9384 


2.5 


1594 


2951 


325 




15,85 


220 


.5371 


^986 


276 


1036 


1997 


323 




1463 


227 


4908 


9106 


277 


1486 


2779 


327 




1272 


228 


3490 


6979 


278 


1517 


2309 


328 




1404 


229 


3821 


7435 


279 


1266 


2443 


329 




936 


230 


7098 


11328 


280 
281 


1473 


2926 


330 




780 


231 


6283 


. 10318 


2292 


4399 


331 




1312 


232 


5381 


9172 


282 


2180 


4100 


,1.32 




962 


233 


49(W 


11800 


283 


2367 


4887 


333 




1018 


234 


3529 


5216 


284 


1746 


4176 


331 




605 


235 


2870 


5774 


285 


2415 


5133 


335 




616 


S3tt 


2480 


5741 


286 


2391 


.5091 


336 




683 


237 


2871 


5671 


287 


1862 


 3956 


337 




542 


238 


4987 




285 


1147 


3014 


338 




398 


239 


6930 


106S 


289 


1119 


3556 


333 




242 


240 


5478 


8453 


290 
291 


1631 


4101 


310 




249 


241 


4293 


6916 


1890 


4987 


311 




187 


242 


4076 


7481 


292 


212.5 


5108 


342 




232 


243 


3533 


6353 


293 


1467 


3799 


313 




142 


344 


3148 


5518 


294 


1446 


3613 


314 




52 


245 


2791 


6892 


295 


879 


2376 








246 


3556 


5933 


290 


769 


2723 








247 


3261 


5016 


297 


708 


2258 








248 


2708 


4283 


298 


1118 


3303 








249 


2993 


4443 


299 


890 


4055 








260 


2675 


46()ii 


30J 


1153 


4355 










1,845,770 


2,440,481 


1,955,912 


2,657,469 


1.96 


3,512 


2,733,193 



Reservoir to R.L. 115.00 — l,964,lXXt,0U0 cubic metres. 
Reservoir t) R.L. 118.00 — cubic metres. 

(The slight reductiun caused by raising the floor of the undersluices is more thaa 
covered by the increase owing to the numerous deep ravines on either bank of the Nile). 
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PROPOSED WADY MYAN RESERVOIR. 
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APPENDIX X. 






PROPOSED WADY RAYAN RESERVOIR 



TABLE I. 

Contents of the Waly Rayan Reservoir. 





AREA IN MILLIONS 


CUBIC CONTENTS 




AREA IN MILLIONS 


CUBIC CONTENTS 


R.L. 


OF 


IN MILLIONS 


R.L. 


OF 


IN MILLIONS 




SQUARE MBTRBi 


OF CUBIC METRES 




SQUARE METRES 


OF CUBIC METRES 


+ 30 


727 


20843 


— 1 


291 


5844 


29 


709 


20125 


— 2 


287 


5554 


28 


691 


19425 


— 3 


280 


6270 


27 


673 


18743 


— 4 


273 


4993 


'2lo 


654 


18080 


— 5 


266 


4723 


25 


636 


17435 


— 6 


260 


4460 


24 


<;2i 


16806 


— 7 


253 


4204 


23 


607 


16192 


— 8 


246 


3955 


'^ 


592 


15592 


— 9 


239 


3713 


21 


577 


15008 


— 10 


232 


3478 

« 


20 


563 


14438 


— 11 


225 


3249 


19 


546 


13886 


— 12 


218 


3028 


18 


530 


1S348 


— 13 


211 


2813 


17 


513 


128;?7 


- 14 


204 


2605 


16 


497 


12322 


— 15 


197 


2404 


15 


480 


11833 


— 16 


191 


2211 


14 


464 


11361 


— 17 


184 


2023 


13 


- 447 


10905 


-18 


177 


1843 


12 


431 


10466 


— 19 


170 


1670 


11 


414 


10043 


— 20 


163 


1503 


10 


398 


9637 


— 21 


152 


1346 


9 


38S 


9244 


— 22 


142 


1199 


8 


379 


8861 


— 23 


131 


1062 


7 


369 


S487 


— 24 


120 


937 


6 


359 


8123 


— 25 


109 


822 


5 


350 


7769 


— 26 


99 


718 


4 


340 


74iS4 


— 27 


88 


624 


3 


330 


7089 


— 28 


77 


542 


2 


320 


6764 


— 29 


66 


470 


1 


311 


6448 


— 30 


56 


410 





301 


6142 


— 35 


38 


174 


Sea level 






— 40 


22 


22 



.1 
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PRJF03ED WADY RAYAN RESERVOIR. 



•i 



TABLE II. 



Approximate Nile gauges at the proposed Head of the Inlet Can|d 

to the Wady Rayan Reservoir. 



August to December lf<?3 to 1893. 



DATES 


1873 


1874 


1875 


1876 


1877 


1878 


1879 


1880 


1881 


1882 


August 


5 


3™. 2 


5"'.8 


4"". 5 


4". 9 


3". 6 


4-.1 


5"'.l 


5^.0 


2-. 7 


2".5 


» 


10 


3.5 


6.4 


5.5 


5.6 


4.0 


4.8 


5.9 


59 


4.0 


3.2 


» 


15 


5.1 


6.9 


6.9 


6.5 


4.5 


5.3 


6.4 


6 6 


5.9 


A.i 


» 


20 


5.6 


7.2 


6 9 


6.5 


4.6 


5 9 


6.8 


6.3 


4.8 


4.7 


V 


25 


5.9 


7.4 


6.8 


6,7 


5.3 


6.3 


6.9 


6.0 


5.5 


5.7 


» 


31 


6.1 


7.5 


6.9 


6.6 


5.3 


6.6 


7.0 


5.7 


60 


6.4 


September 


5 


6.2 


7.6 


6.9 


6.8 


5.2 


6.5 


7.1 


0.2 


6.5 


6.4 


» 


10 


6.3 


8.1 


7.1 


7.1 


5.2 


6.8 


7.0 


6.3 


6.7 


6.2 


a 


15 


6.2 


8.4 


7.3 


7.3 


5.2 


7.1 


7.1 


6.2 


6.7 


6.1 


» 


2(J 


6.2 


8. 'J 


7.7 


7.6 


5.1 


7.5 


7.6 


6 1 


6.7 


6.1 


9 


25 


6.1 


8.7 


7.6 


8.0 


5.0 


8.0 


8.0 


6.1 


G.8 


6.2 


Ji 


30 


6,1 


8.7 


7.5 


8.0 


5.2 


8.4 
8.5 


8.0 


6.2 


6.9 


6.2 


October 


5 


6.1 


8.8 


7.6 


7.8 


5.1 


7.8 


6.4 


6.9 


6.0 


D 


10 


5.8 


8.6 


7.4 


7.5 


5.0 


8.6 


7.4 


6.2 


6.9 


5.7 


» 


15 


5.5 


7.3 


7.3 


7.4 


4.8 


8.6 


7.3 


6 


7.4 


5.5 


» 


20 


5.3 


7.8 


7.5 


7.0 


4.5 


8.5 


7.1 


6 3 


7.0 


5.7 


» 


25 


5.4 


7.4 


7.2 


6.7 


4.3 


8.2 


7.0 


6.2 


6.5 


5.9 


)) 


31 


5.0 


6.9 


08 


5.9 


4.1 


7.8 


6.2 


6.0 


6.0 


6.0 


November 


5 


4.5 


6.4 


6.1 


5.3 


3.8 


7.4 


5.9 


5.4 


5.5 


5.4 


» 


10 


4.5 


5.6 


5.6 


4.8 


3.6 


7.4 


5.3 


4.8 


4.9 


5.3 


» 


15 


4.4 


5.3 


5.1 


4.4 


3.7 


6.9 


5.0 


4.2 


4.5 


5.0 


» 


20 


4.2 


4.0 


4.7 


4.3 


3.6 


6.1 


4.7 


3.8 


4.1 


4.7 


)> 


25 


4.1 


4.4 


4.3 


4.1 


3.4 


5.5 


4.5 


3.6 


3.9 


4.4 


x> 


30 


3.9 


4.2 


4.1 


3.8 


3.1 


5.1 


4,3 


3.4 


3.6 


4.1 


December 


5 


3.8 


4.1 


3.8 


• 

3.5 


2.9 


4.9 


4.1 


3.3 


3 5 


3.9 


» 


10 


3.6 


4.0 


3.7 


3.3 


2.7 


4.6 


3.9 


3.1 


3.3 


3.6 


)) 


15 


3,5 


3.8 


3.5 


3.2 


2.6 


4.4. 


3.7 


3.1 


3.2 


3.4 


a 


20 


3.4 


3.6 


3.4 


3.0 


2.4 


4.3 


3.6 


3.0 


3.1r 


3.1 


2> 


25 


3.2 


3.4 


3.3 


2.9 


2.3 


4.2 


3.5 


2.8 


2.9 


2.9 


» 


31 


2.8 


3.2 


3.1 


2.7 


2.3 


4.0 


3.4 


2,7 


2.8 


ji 
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APP.NDIX X. 



5 



Table II [Continued]. 
Approximate Nile gauges at the proposed Head of the InletCanal t:) the WadyRayan Reservoir 



August to December 1873 to 1803. 



DATES 


1883 


1884 


1885 


1886 


1887 


1888 


1889 


1890 


1891 


1892 


1893 


August 


5 


5™. 4 


2"'. 3 


5'».5 


"J". 9 


5-.1 

* 


2°'.l 


4"'.l 


4«.4 


3"". 2 


3'".8 


s-.s 


» 


10 


G.l 


3.3 


6.3 


3.7 


6.3 


3.5 


4.7 


5.5 


4.2 


5.3 


4.7 


» 


15 


5.9 


5 5 


6.2 


4.8 


6.8 


4.8 


5.2 


60 


5.7 


5.7 


5.5 


» 


20 


5 9 


5 5 


6.1 


5.9 


7.0 


5.1 


5.5 


6.2 


5.8 


5.3 


5.2 


» 


25 


6.2 


5.2 


5.9 


6.1 


7.2 


5.2 


5.9 


6.5 


5.9 


5.8 


5.5 


» 


31 


6.5 


5.3 


6.2 


6.0 


7.1 


5.6 


6 2 


6.7 


6,1 


6.6 


5.6 


September 5 


6.5 


6.1 


6.3 


5.9 


7.3 


5.7 


6.6 


6.9 


6.2 


6.8 


5.5 


» 


10 


6.6 


6.0 


6.4 


5.9 


7.7 


5.7 


6.8 


7.1 


6.4 


7.1 


5.5 


9 


15 




5.9 


6.6 


6.2 


8.1 


5.7 


6.8 


7.3 


6.4 


7.5 


5.5 


> 


20 


6.9 


5.7 


6.7 


6.3 


8.2 


5.7 


6.9 


7.4 


6.3 


7.9 


5.7 


» 


25 


7.2 


5.6 


6.8 


6.5 


8.3 


5.6 


6.9 


7.5 


6.5 


8.1 


5.8 


» 


30 


7.3 


5.7 


66 


6.8 


8.2 


5.5 


7 


7.5 


6.5 


8.3 


5.9 


October 


5 


6.8 


5.6 


6.4 


6.8 


7.7 


5.1 


7.0 


7.5 


6.4 


8.3 


5.8 


f 


10 


7:4 


5.5 


6 3 


6.6 


7.6 


4.7 


68 


7.3 


6.2 


8.2 


5.8 


» 


15 


7.1 


5.4 


6.7 


6.3 


7.3 


4.3 


6.8 


7.0 


6.3 


8.0 


6.0 


» 


20 


6.7 


5.3 


C.6 


6.1 


7.0 


4.0 


6.6 


7.1' 


6.6 


7.8 


6.1 


s 


25 


6.5 


6.6 


5.9 


. 6.1 


6.7 


3.7 


6.1 


7.2 


6.8 


7.5 


6.5 


w 


31 


6.1 


6.0 


5 3 


5.9 


5.5 


4.3 


6.2 


6 8 


6.6 


7.5 


6.1 


November 5 


5.3 


5.7 


4.6 


4.9 


5.2 


3.3 


5.3 


6.3 


60 


6.8 


5.4 


9 


10 


4.8 


5.6 


4.1 


4.3 


4.6 


3.0 


4.5 


6.0 


5.2 


6.0 




V 


15 


4.4 


4 9 


3.8 


3.9 


4.3 


2.8 


3.9 


5.4 


5.0 


5.5 




» 


20 


4.1 


4.5 


3.6 


3 6 


4.0 


2.6 


3.6 


4.8 


4.7 


4.4 




» 


25 


3.9 


4.3 


3.3 


3 4 


3.7 


2.4 


3.3 


4.3 


4.4 


5.5 




» 


30 


3.8 


3 9 


3.3 


3.2 


3.6 


2.3 


3.0 


4.0 


4.1 


4.1 




December 5 


3.6 


3.7 


• 

3.2 


3.4 


3.4 


2.3 


3.0 


3.8 


4.0 


4.0 




» 


10 


3.4 


3.4 


3.1 


3.4 


3 2 


2.3 


2.8 


3.7 

• 


3.7 


3.8 




» 


15 


3.3 


3.3 


3.0 


3.3 


3.1 


2.2 


2.8 


3.5 


3.5 


3.6 




» 


20 


3.1 


3.1 


2.9 


3.1 


3.0 


2.0 


2.7 


3.3 


3.4 


3 5 




V 


23 


3.0 


2.9 


2.9 


3.0 


2.9 


2.0 


2.6 


3.1 


3.2 


3 4 




» 


31 


2.9 


2.7 


2.8 


2.8 


2.9 


1.9 


2.4 


3.0 


3.0 


3.2 
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PROPOSED WADY RAYAN RE-iERVOIR. 



TABLE III. 



Discharges of the Wady Ray an Reservoir Canal. 



Bed width 40 in^tr.)s. 



Silo shp^s i-j- t) 1. V = Cv/T7 



Bed width 40 matres. 



Side si >i);^.s 1 — to 1. 



SI >p3 — 



uoo 



DEPTH 

OP 
WATER 


ARRAS 


R. 


C. 


V KS 


VEL. 


DISCHAROB 

CUBIC MKl'UKS 

PER SECOND 


1 


41.5 


.928 


39 


.0)36 


.37 


15 


2 


86.0 


1.822 


44 


.0134 


.59 


51 


3 


133.5 


2.627 


47 


.0X62 


.08 


91 


4 


184.0 


3.383 


48 


.0136 


.94 


173 


5 


237,5 


4.094 


50 


.0202 


1.01 


240 


G 


294 


4.772 


51 


.0218 


1.11 


326 



Slope — 



J{U,WO 



1 


41 5 


.928 


39 


.0038 


.2uo 


11 




86.0 


1.822 


44 


.(X)J5 


.419 


36 


3 


133.5 


2.627 


47 


.0114 


.535 


72 


4 


18t.O 


3.383 


48 


.0131 


.628 


116 


5 


237.5 


4.094 


50 


.0145 


.725 


172 


6 


294.0 


4.772 


51 


.0155 


.790 


232 


7 


353.5 


5.421 


53 


.0166 


.87 J 


311 


8 


416.0 


6.046 


54 


.0175 


.940 


391 


9 


481.5 


6.633 


54 


.0183 


.988 


480 


10 


55.). 


7.250 


55 


.0192 


1.056 


581 



Bed width 80 metres. 



Side slopes 1 — to 1. 



*^ so.ooo 



1 


81.5 


.974 


39 


.0085 


.33 


27 


2 


166.0 


1.900 


44 


.0098 


.43 


71 


3 


253.5 


2.783 


47 


.011\) 


.55 


140 


4 


341.0 


3.644 


48 


.0135 


.64 


220 


5 


437.5 


4.818 


51 


. 0156 


.79 


346 


6 


534.0 


5.255 


53 


.0163 


.86 


460 


7 


633.0 


6.021 


51 


.0175 


.94 


595 


8 


736.0 


6.765 


54 


.0191 


1.03 


758 






F 




AITENDIX X. 



WADY RAYAN RESERVOIR. 



GENERAL AND DETAILED ESTIMATES OF COST OF WORKS 

Bv Mr. MARSHAL HH3\VAT. 



PROJECT FOR TDE INLET QNAl IN THE BAHR BELAMA AND THE OUTLET fANAL BV BISO. 



Summary of cost. 

Inlet canal, excavatbn L. E. 1,340,9GO 

Ontlet canal, excavation 

Masimry wirks 

Masjnry lining in Inlet canal 

Pitching in Inlet and Outlet canals 

Diversion of Bahr Yusuf. 

CLfeiing dopivssioas be!;\ve(tii Wa ly Rayaa ani Fay mm 

Land 

L. E. 2,371,550 

Contingencies at 10 % ^ 2^^7,155 

L. E, 2,608,705 



» 


430,640 


)> 


327.000 


D 


43,750 


» 


90,()TJ 


9) 


7'?,00() 


)) 


1,200 


TO 


60.000 



Details of cost of Wady Rayan Reservoir. 

Excaoation : — Inlet canal in clay 6,986,000 at .04 — L. E. 279,400 

do marl 7.592.000 » .05= » 379,600 

d) r.)ck 8,374,000 » .08= » 669,920 

do sand 602,000 » .02 = » 12.040 

L. E. 1,340.9(50 



Outlet canal in clay 10,916,003 at .04 = L. E. 4:J6,26() 

Masonry works : — Head regulat )r Inlet canal L. E. 47,000 

do Bahr Yusuf diversim, &c » 188,')00 

Tail of Outlet canal » 48,000 

2 Syphons on Ibrahimiyeh canal.. . at L.E. 6,000 = » 12,003 

2 Ralway bridges » » 10,000— » 20.0:)0 

6 Minor canal crossings » » 2,000 = >^ 12,000 

L. E. 327.000 



Masonry lining in Inlet canal in salty marl 175,000 at .2^ = L. E. 43,750 

Pitching in Inlet and Outlet canals 600,000 » . 15 = L.E 90,000 

Dioersion of Bahr Yusuf excavation 1,800,000 » .o4 = L.E. 72,000 

Closing depressionsbettoeenWady Rat/an and Fayoum 6 ftOi) » .20= L. E. 1,200 

a 

Za/Mi :— Inlet caual 1,100 Feddans at L.E. 25= L. E. 27,500 

Outletcanal 1,300 » » » 32 = » 32.500 

L. E. 60,' 00 
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PROPOSED WADY RAYAN RESEKVOia. 



Estimate of excavation in Wady Rayan Reservoir. 

INLET CANAL. — 40 metres bad width in clav anrl fr>m kilometre 45 t ) end. 



S D 


EPTH OF DIGGING 


DETAILS OF QUANTITIES 


QUANTITIES 


^ CI. 


AY 


MAUL RO 


CK 


CLAY 


MAUI, 


HOCK CLAY MARL 


ROCK 


9 


.4 


r 




54.1 X 9.4 




5)9 




a • 


r 8 


1 






52.1 X 8.1 






4- 






. • 


2 T 


.9 






51.9 X 7.9 






410 




• . 


3 7 


.5 






51 3 X 7.5 






385 




. . 


4 7 


5 






51.3 X 7.5 






385 




. • 


5 7 


.3 






5').9 X 7.3 






351 




• • 


(5 5 


.9 






48 9 X 5.9 






289 




• ' 


7 7 





• • • 




5). 5 X 7.0 






354 




. . 


8 6 


.4 






49.0 X 6.4 






317 




• . 


9 6 


3 






49.5 X 0.3 






3 


12 




. • 


10 « 


J) 






49.0 X 0.0 






2 


94 




• . 


11 5 


.8 






48.7 X 5.8 






2 


83 




a • 


12 6 








49.3 X 0.2 






3 


IJ5 




• . 


13 6 


.3 


* • • 




49.5 X 0.3 






3 


12 




. . 


14 6 


.3 






49.5 X 0.3 






3 


12 




. a 


15 5 


.8 






48.7 X 5.8 






2 


83 




. • 


16 5 


.8 






48.7 X 5.8 






2 


83 




* . 


17 5 


.9 






48.9 X 5.9 









89 




. . 


18 (i 








49.3 X 0.2 






3 


iKJ 




• . 


19 5 


.8 






48.7 X 5.8 






; 2 


83 




. . 


20 6 


.3 






49.5 X 0.3 






3 


12 




a . 


21 




7^7 ! 








51.6'x 7.7 




• 


397 


a • 


22 




19.5 








(52.8) + (67X11.5^ 
(52.8) + (60X17 




• • 


1184 


•  


23 




25.0 










9 • 


1572 


. a 


24 




21.7 \ 


2 






65 X 21. 7| 
37 X 21. 7i 


50 X 12) 
29 X 10^ 


; j 1110 


532 


25 




26.1 1 


2 






37 X 26.1 


28 X 12 


9 


185 


33G 


26 




28.1 


8 






36 X 28.1 


27 X 8 


K 


111 


216 


27 




19.6 1 


4 






37 X 19.6 


28 X 14 


7 


25 


393 


28 




11.1 1 


9 






37 X 11.1 


30 X 19 


4 


10 


570 


29 . 




3 3 2 


3 






37 X 3.3 


31 X 23 


1 


22 


713 


30 




2.6 2 
sand 

21 


5 
.4 






37 X 2.6 


31 X 25 
30 X 21.4 




98 


775 






7. 


502 




31 






sa 


nJ 


6i2 


32 




14 


.5 


b . 






28 X 14.5 




• 


m 


33 




9 


.2 








27 X 9.2 . 




• 


248 


34 




10 


1.4 








28 X 10.4 




. 


291 


35 




11 


.4 








28 X 11.4 




• 


319 


36 . 




9 


.0 








27 X 9.0 . 




. 


243 


37 




8 


.7 








27 X 8.7 . 




• 


135 


m . 






• 








• . • 




a 





39 . 






• 










• 




a 


(J 


40 . 






• 














a_ 





41 






• 














. 





42 






• 














a 


U 


43 






. 














a 





44 






• 














a 





45 




2! 5 4 


.4 






45 X* 2.5 


40 X 4.4 


! i 


12 


176 


46 . 




2 4 8 


..4 


• 




45 X 2.4 


40 X 8.4 


1 


08 


33S 


47 . 




1 


t>3 






• • 


4i) X 7.3 


a . 


a 


292 


48 . 




2.9 10 


1.0 






45 X 2.9 


40 X 10 


1 


33 


40J 


49 . 


. 


5 


..7 






. • 


40 X 5.7 . 


• • 


• 


228 


50 . 




• • • 


• 






• • 


. . « 


• 


a 


U 


51 




2.5 . 


• 






45 X 2.5 


• • . 


1 


.12 


• • 


52 




.9 . 


• 






40 


. a 




40 


• « 


53 




1.5 IC 


1.0 






60 


40 X 10.0 




60 


4fli) 


54 




• • • 


• 






• • 


• • • 


• . 


• 





55 




a 


\.o 


- 




• • 


40 X 3.0 . 


. . 


• 


120 


56 . 




1.0 s 


1.0 






40 


40 X 9.0 




41) 


360 


57 . 




c 


;.i 






• . 


40 X 

Total 


6.1 . 


• a 


a 


244 






6. 


986 C 


;:)2 


1574 
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APPENDIX X. 







Estimate of excavation in Wady Rayan Reservoir. 
OUTLET CANAL. — Bed with 40 metres. 



3 


DEPTH OF DIOGINQ 


DETAILS OF QUANTITIKS 


QDANTlTIEi 


1 


CLAY 


MARL 


ROCK 


CLAY MARL 


HOCK. 


CL.\Y 


MARL 


ROCK 





6.3 








49.4 X C.3 










311 






• • 


1 


6.6 








49. 


9 X 0.6 










33) 










2 


6.1 








49. 


1X6.1 










300 










3 


6.2 






• 


49. 


3 X 6.2 










3)6 










4 


6.2 






_ 


49. 


3X62 










306 










5 


6.6 








49. 


9 X 6.9 










314 










6 


6.4 








49. 


6X6.4 










318 










7 


6.0 








49. 


X 6.0 




* 






294 










8 


6.7 








50. 


X 6.7 




• 






335 


. 








9 


6.3 








49. 


.4 X 6 3 










311 






* 




10 


6.1 








49. 


.1 X 6.1 










300 










11 


6.1 








49, 


.1 X 6.1 










300 










12 


6.2 








49 


.3 X 6.3 










310 










13 


6.4 








49 


.6 X 6.4 










318 










14 


6.9 








50 


.4 X 6.9 










348 










15 


6.3 








49 


.4 X 6.3 










311 










16 


5.8 








48 


.7 X 5.8 










283 










17 


6.5 








49 


.8 X 6.5 










324 










18 


6.4 








49, 


.6 X 6.4 


• 








318 










19 


6.4 








49 


.6 X 6.4 










318 










20 


6.9 








50 


.4 X 6.9 










348 










21 


6.8 








50 


.2 X 6.8 










342 










22 


6.9 








50 


.4 X 6.9 










348 










23 


7.1 








50 


.7 X 7.1 










360 










24 


7.5 








51 


.2 X 7.5 










384 










25 


7.5 








51 


.2 X 7.5 










381 










26 


7.4 








51 


.1 X 7.4 










378 










27 


7.6 








51 


.4 X 7.6 


r 








391 




. 






28 


7.9 








51 


.9 X 7.9 










410 










29 


8.0 








52 


.0 X 8.0 




» 






416 










30 


8.7 








53 


.0 X 8.7 










461 










31 


7.9 

 




1 




51 


.9 X 7.9 










410 












  1 


(•RANH ToTAt 


10,916 X 1000 
= 10,916,000 


1 














•^^ 4ftm* 


mm'^m^ ^ ^^ ^ m^^^ 
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10 PROPOSED WADY RAYAN RESERVOIR. 



WADY RAYAN RESERVOIR. 



PROJECT FOR COMBINED INLET AND OUTLET CANAL 
WITH THE INLET CANAL IN THE DESERT BY BAHR BELAMA AND WADY LIERNUR, 



Abstract of cost. 

Excavatbn, Inlet and Outlet canal combined L. E. 1,440,300 

Mas )nry works » 225,080 

Mas jnry lining n 43,750 

Pitching » 90,000 

Closing depressi )n • 1,200 

Land » 30,000 

L. E. l,83a,3M 
Centingencies 10 V » 183,039 

L. E. 2,013,429 



Details of cost. 

Excaoation : — 

Inlet and Outlet canal combined in clay 9,480,000 at .04 = L. E. 379,200 

d) do marl 7,592,000 » .05= » 379,«r.) 

d ) d ) ' rock 8,374,000 » ,08 = » 669,520 

d) d) sand 002,000 » .02= » 12,040 



L. E. l,440,3r» 



Masonry works : — 

HeadregulatM- : L. E. 47,000 

Bahr Yusuf diversion, &c' » 156,081 

1 Syphon on Ibrahimiyeh canal » 6,01.10 

1 Railway bridge » 10,0')0 

3 Minor canals crossings at L. E. 2,000 = ^ 6,000 

L. E- 225,081 



Masonry lining in salty marl 2,500 X 70 X 1 = 175,000 at .25 = L. E. 43,750 

Pitching in Inlet and Outlet canal combined 600,000 » .15 = L. E. * 90,000 

Closing depressi )n between Wady Rayan and Fayoum . • • 6,000 » .20 = L. E. 1,200 



Land 



L, E. 3O,0J0 
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APPENDIX X. 11 



WADY RAYAN RESERVOIR. 



PROJECT FOR COMBINED INLET AND OUTLET CANAL WITH THE INLET CANAL 
IN THE DESERT BY ESBA ABU HAMID AND WADY LIERNUR. 



Abstract of cost. 

Excavation in Inlet and Oulle' canal combined L. E. 1,449,550 

Masonry works ^ * » 225,081 

Masonry lining in salty marl » 157,500 

Pitching in Inlet and Outlet canal combined » 90,000 

Closing depression between Wady Rayan and Fayoum » 1,200 

Land » 30.0;)0 



L. E. 1,953,331 
Cmlingencies at 10 Vo » 195,333 

L. E. 2,148,664 

Details of cost. 

Excavation : — 

Inlet and Outlet canal c^mbined in clay..., 9,480,000 at .04= L. E. 379,200 
do do marl.... 11,339,000 » .05= » 566,950 

do do rock.... 6,102,000 » .08= » 488,160 

do do sand.... 762,000 » .02= » 15,*^40 



L. E. 1,449,550 



Masonry works : — 

Head regulator L. E. 47,000 

Bahr Yusuf diversion, &c » 156,081 

1 Syphon in Ibrahimiyeh canal » 6,000 

1 Railway bridge, » 10,000 

3 Minor canals crossings at L. E. 2,000= » 6,000 

L. E. 225,081 



Masonry lining in salty marl 9,000 x 70 X 1 = 630,000 at .25 = L. E. 157,500 



Pitching in Inlet and Outlet canal combined 600.000 » .15 = L. E. 90,000 



Closing depression between Wady Rayan and Fayoum. . . 6,000 » .20 = L. E. 1,200 
Land L. E. 30,000 
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PROPOSED WADY RAYAN RESERVOIR. 



WADY RAYAN RESERVOIR. 



Details of minor estimates. 



BahrYusuf diversion 6,000 X 50 X 6 = 1,800,000 c. la 



Masonry lining to channel in salty marl 2,500 x 70 X 1 = 175,000 c. la - 

Pitching in Inlet and Outlet canals 20,000 x 60 X .5 = 600,000 c. la • 



Ibrahimiyeh Canal, Syphon and Railway bridges 
similar to corresponding works in Rayah 
Tewfiki. 



Land : — 



Inlet Canal and Bahr Yusuf .26,000X180= 1,100 feddans- • 



4,200 

Outlet Canal 31,000X180= 1,300 feddans. . 

4,200 

Closing oflF depression between Rayan and Fayoum 500x6x2=_ 6,000 c. m. 
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APPENDIX X. 13 



WADY RAYAN RESERVOIR. 



BAHR YUSUF DIVERSION MASONRY W^ORKS. 



Dovim Stream Regulator (1). 
Estimate, 

Excavation 82,222 c, m, at .04 = L. E. 3,288 

We lls^ foundations 4,950 r> ))L. E. 2,5= » 12,375 

Mas mry in floDr and superstructure 14,125 » » .70 = » 9,887 

Ashlar 822 » ))L.E.2. = » 1,644 

Stone pitching 8,250 • » .30 = » 2,475 

Reg- ul at ing gates 460 » i>L,E.30= • 13,800 

Unwatering » 1,000 

Total L. E. 43,469 

Bahr Yusuf Regulator (2). 
Estimate. 

Excavation 124,000 c. ra. at .04 = L. E. 4,960 

Wells, foundations 8,803 » » L.E. 2.5 = » 22,0)7 

Masonry in floor and superstructure 23,667 » » .70 = » 16,567 

Ashlar 942 » » L. E. 2. = » 1,884 

Stone pitching 9,752 » » .30 = » 2,925 

Regulating gates 400 sq. m. » L.E. 30 = » 12,000 

Lock gates 240 » » » 10 = » 2,400 

Un\;vatering » 1,000 

Total L. E. 63,743 

Up Streema Reg^ator (3). 
Estimate. 

Excavatim 82,003 c. m. at .04 = L. E. 3,280 

W'el Is, foundations 4,753 » » L.E. 2.5 = » 11,882 

Mas^onry in fl:)or and superstructure 13,500 » » .70 = » 9,450 

A^slilar 830 » » L.E. 2. = » 1,660 

Stone pitching 7,990 » » .30 = » 2,397 

^^gulating gates 640 sq. ra. » L. E. 30 = » 19,200 

Uu^vatering » 1,000 

Total L. E. 48,869 

Abstract. 
^oim Yusuf diversion masonry works : — 

(1) Down Stream Regulator L. E. 43,469 

(2) Bahr Yusuf d^ » 63,743 

(3) Up Stream do » 48,869 

Total L. E. 156,081 
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14 PROPOSED WADY RAYAN RESGRVOR 



WADY RAYAN RESERVOIR. 



HEAD INLET REGULATOR FROM NILE (40 metre bed). 



Estimate. 

Excavation 85,680 c. m. at .04 = L. E. 3,427 

Wells, foundations 4,636 » » L.E. 2.5 = » 11,590 

Masonry in floor and superstructure 19,202 » » .70 = » 15,441 

Ashlar 1,397 » » L.E. 2.5 = » 2,794 

Stone pitching 4,648 » » .30 -c= » 1,394 

Regulating gates 400 sq. m. » L.E. 30 = » 12,000 

Unwatering, • • » 1,000 

Total L. E. 47,646 
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APPENDIX X. — PROPOSED WADY RAYAN RESERVOIR 



WADY UAYAN RESERVOIR. 



Project for combined Inlet & Outlet canal with the canal in desert 
by Esba Abu Hamid. 
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REPORT 



ON MATTERS CONNECTED WITH THE QUESTION OF NILE RESERVOIRS 



CALLED FOR BY 



THE UNDER SECRETARY OF STATE OF THE PUBLIC WORKS DEPARTMENT 



In his N* 9102 B' of 24th October 1893. 
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Letter addressed by Mr. W. E. Garstin, Under Secretary of State, Public 
Works Department, on the 24tli October 1893 sub No. 9102 B', to Mi^lor 
R. H. Bro'wn, R. E , Inspector General of Irrigation of Ulster Egypt. 



Sir, 

I have the honour to forward herewith a copy of a portion of Mr. Willcock's Report upon 
Nile Reservoirs with the request that you will write rae a n )te up^n the quostions heraafter 
specified which more particularly regard Upper and Middle Egypt ; this note I propose to 
print and add as an appendix to Mr. Willcxks' Report, and 1 would ask you kindly to let mo 
have it, if pwsible, by the 15th Njvember next, so as t> enable nit to write my final note 
upim the proJBct as a whole, and submit it to the Government of Egypt by tlie end of the 
current year. 

Before detailing the questions upon which I ask your opinion, I would request you to 
divide the sulij'wt into two parts : — 

1st. Upper Egypt proper, i. e. the ciuntry lying between Assu&n and Assiut ; 

2nd. Middle Egypt, or that portion lying to the North of ,\ssiut, including the Fayiim, 
but excluding Gizeh which wil 1 be considered as a portion of Lower Egypt. 

Separate replies will then be required to each of the f illDwing questions, as regards the 
two portions of ountry above mentinned : — 

Ist — The quantity of water required for the omplete summer irrigation of: — 

a) The existing cultivated area. 

b) The arwa (if iiny) p Bsiblo to rsclaim and bring under cuUivati >n. 

2nd. — What works could in your opinion be necessary, in order to enable us to take 
c implete advantage of the increased supply, supp laing a storage Reservoir to be successfully 
cmstructad. 

3rd. — The approximate c)st of such works. 

4th. — The increased Revenue to the ciuntry obtainable by such increase of supply. 

c) Indirect, as regai-ds land at present cultivated, which would increase in value 
owing to the assurad water supply. 

d;.\lst indirect, as regards land at present under FIomI Irrigation only, which 
woul d be br lught under summer irrigation, thereby rendering a double crop p^siblo. 

e) Direct, as regards land at present waste and uncultivated, owing to deficient 
water supply, which ciuld be rendered culturable, and yield a direct return to the State, 
b^th by the sale of such lands, and by the additi>jnal yearly taxation which tliay would bring in. 

5th. — Your opinion as to the advisability of suppressing the Basin Systam, either as a 
whole, or in [wiH, and what you consider would be the effect of such auppre.ssion up in the 
tioivl gauges in Cairo and the Delta. 

6th. — I should like your opinion given briefly as to Wady Rayan proj«;t, b)th as 
regards its advisability as a storage Reservoir, and a flood escape Basin, or even whether it 
might not b:i better, suppling the Basins to be suppressed and summer irrigation given to 
their entire area, to use this depression for neither of the foregoing purpose, but simply as 
an escapa f >r the drainage of Middle Egypt. 
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As regards Question 1 I would refer you to Mr. Willocks' Rep)rt, paras. (6) to (22). 
The figures therein given by him have» I undei'stand, been arrived at after a close consultation 
with you, and I further undei'stand from him that you and he are at one in accepting these 
figures as correctly representing the requirements b)th of Upper and of Middle Egypt. 

Question 2. 

Under this head will cMue all necessary changes to canals both as regards their sectim 
and their masonry works in order to enable them to usefully distribute a summer as against 
a flood supply. It will be necessary to consider the advisability of building supplementarj 
Barrages at different points of tlie River with a view to, by means of the increased water Jevei 
thus obtained, changing as little as possible the existing canal system. 

The Assiut Barrage does not come under this heiid as that will be c msidered as a part 
of Mr. Willcocks' project. 

The drainage of the whole c umtry must als) be considered and estimated f)r in arriving 
at any statement of expenditure 'likely to be incurred to enable us to make use of an increased 
water supply. 

Question 3. 

This is, I admit, a difficult question to answer, and I only expect an approximate reply. 
With the maps and levels at your disposal, I think you will be able to give me a fairly 
accurate, though, as I say, imly an approximate estimate of the total expenditure to be 
incurred. 

This expenditure will doubtless bo spiead over several yeai's and a p>rtion of it will 
doubtless bo f )und from oar ordinary Budget. 

I do not think it necessary'' to enter at present into the p,ossible increase of maintenance 
charges in the future ; it would be next to impossible to arrive at a satisfactory answer to this 
and it is more than piobable that what is added to the change of canal clearances will be, t^) 
a certain extent, balanc3d by the diminution in the expenditure up3n Basin banks. 

Question 4. 

Calls f )r no special remark. 

Question 5. 

This is really the m>st important question of all, as upon it, in a great measure, depend 
' your replies to all ihe other four prec^eding questions. 

I imagine you will agree with me that, until we have arrived at some method f)r escaping 
: our surplus water in high floods, any c >inplete suppression of the Basin system would be n)t 
(mly undesirable but extremely dangerous to Lower Egypt. 

It is upon the extent to which you do consider this suppression desirable that P 
particularly desire your opinion. 

Question 6. 

I do not expect you to answer this, except briefly and upon general lines. You have, 
however, such an intimate knowledge of the question and have studied the Wady Rayanso 
thoroughly, that your opinion will have the very greatest value, both with me and with the 
members of the Commission appointed to consider the whole question. 

I have, etc. 

Signed: W. E. GARSTIN, 

Under Secretary of State. 
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Report on matters connected "with the question of Nile reservoirs called for by 
Under Secretary of State, Public Works Department, No. 9102 B' of 24th 
October 1893, by R. H. Brovm, Msgor, Inspector Greneral of Irrigation of 
Upper Egypt. 

QUESTION 1. 

• - . • 

The quantity of water required jbr the complete summer irrigation of: — 
.,(a) The existing cultivated area^ • 

(b) The area (if any) possible to reclaim and bring under cultivation. 



of Mrater 

required 

per feddan. 



The figures given by Mr. Willcicks on page 70) giving " the cubic metres of water Mr. wuioocki 
required per day i)er acre commanded " are th.)se which I consider: orrectly represent ^^"^ 
the requirements of Upper and Lower Egypt, but I do not knDw how he has divided Upper as to quanuty 
and Lower Egypt ; probably at Asyut. 

As all the basins south of Derut would be on the Upper Egypt system of canals, 
I propose to make the separation between Upper and Middle Egypt there, both on the east 
and west of the Nile, and to assume that there is a dam at Asyut, which will bring the wat<^r 
to the country surface, at Deriit and njrthwards. But this makes so little difference in the 
figures that those given in para. 16, page 7 of Mr. Willcxjks' report agree nearly with mine, 
being however in the case of Upper Egypt rather more than 10 per cent, and in the case of 
Middle Egypt rather less than 10 per cent in excess of mine. 

I think it is a good thing t) all )w this 10 per cent, so I consider Mr. Willcocks' figures 
sjnuld be accepted as they stand. 



Th^Te is in the Fayuiu only a small are^, about 50,000 feddans capable of reclamation. Areas capable 
and elsewhere in Upper Egypt no reclamation is possible. I have, as the area is s) small, ®* 

included it with the existing cultivated area. The areas used in Mr. Willcocks* cultivations 
are 1,200,000 feddans f)r Upper Egypt, and the same Middle Egypt. 

1 calculate there are 1,025,000 feddans in Upper Egypt and 1,100,030 in Middle Egypt 
excluding Gizah. Mr. Willocks' include Gizah. Adopting Mr. Willcocks' system of tables, 
the f >llowing are the figures calculated from the areas -ibtained by me : — 



Areas Upper 

and Middle 

Egypt. 



MONTH 



January 

February 

March 

April 

May 

June 

July 1st to 15th , 
July 16th to 31st 

August 

September . . • . . 

November 

December 



miacue iijg 


fypi i,iou,t 


luu leaoans. 










CUBIC METRES 






CNBIC METRES 


CUBIC MBTRKS 


PER SECOND 


CUBIC METRES 
PER SECOND 


SUPPLY Rf-:QUIRBD 
PER ANNUM 


PER 24 HOURS 


PER SECOND 


AVAILABLE 
IN A BAD YEAR 


DBriCIEMT 


KROM RESERVOIR 


8,800,(K)0 


102 


102 


• • • 


• • • 


8,800,(X)0 


102 


102 


• • • 


• • • 


8,800,000 


102 


102 


• • • 


• • • 


8,8rKJ,000 


102 


90 


12 


31.104,000 


8,800,000 


102 


25 


77 


206.236,800 


8,800,000 


102 


25 


77 


199,584,000 


• 14,300,000 


166 


25 


141 


18>.736,000 


27.500,a)0 


318 


175 . 


143 


197,683,200 


37,S00,000 


318 


318 


• • • 


• • • 


27,500,000 


318 


318 


• • • 


• • • 


12.100,00;) 


140 


140 


• • • 


• • • 


8,800,000 


102 
Total 


102 

PER ANNOM. . 


• • • 


• • • 




817,344,000 



Supply 

required 

calculated for 

Middle Egypt. 



(I) There is a misprint opposite ♦* July 1st to 15th " where 8 is given instead of 13 in first table. 
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Upper Egypt 1,025,000 feddans. 



Supply 

requirad 

csloulated for 

Upper Egypt. 



MONTH 



January 

February 

March.. 

April 

May 

June 

July 1st to 15th . . . . 
July 16th to 31st.... 

xxUUUtSC .■.....•.•.. 

September 

October 

Novembar 

December.. 



CUBIC MfcTRES 
PER S4 HOURS 



8,200,000 

8,200,000 

8,200,000 

8,2(X),000 

8,200,000 

8,200,000 

13,325,000 

25,625,000 

25,625,000 

25,625,000 

25,625,000 

11.275,000 

8,200,000 



CUBU: METRES 
PER SECOND 



95 

95 

95 

95 

95 

95 

154 

297 

297 

297 

297 

i:W 

95 



CUBIC MELRBS 

PER SECOND 

AVAILABLE 

IN A BAD TEAr 



95 
95 
90 

• • • 



297 
297 
297 
297 
130 
95 



CUBIC MBTKF.a 

PER SECOND 

DEFICIENT 



5 

95 

95 

95 

154 



• * • 

• • • 



Total pkr annum. 



SUPPLT REQlIIEIt 

PER ARNtM 
PROM RCSUVOIIl 



13,392,000 
246,240,000 

254.448,000 
246,240.000 
199,5^4.000 



• • • 
... 

• • t 

• • . 



959,904,009 



Thus calculated the quantity of water roijuired from a res9rvoirf)r the complete sunimeT 
irrigation of Middle Egypt is 817,344,000 cubic metres (against Mr. Willocks' 950 millions) 
and of Upper Egypt is 960,000,000 (against Mr. Willocks' 1160 millions). 

The reservi)ir fjv Middle Egypt would require a maximum discharge of 143 cubic metres 
and for Upper Egypt 154 cubic metres per second. 

Still I consider Mr. Willcjcks' figures preferable as they allow a margin f >r ]<«>$ 
between the reservoir and the land to be irrigat3d. 



QUESTIONS 2 & 3. 

• 

What would in your opinion be necessary in order to enable us to take cowplete 
advantage of the increased supply supposing a storage Reservoir to he 
successfully constructed. 

(1) For Middle Egypt. 

(2) For Upper Egypt. 

And cost f 

Middle Egypt. C^) Besides a storage reservoir hv Middle Egj'pt, I assume a dam at Assyiit, which will 

ivorks give flow irrigation from Deriit northwards; and'* Middle Egypt '* I consider to begin at 

compucation Derut. The uncertainty as to the future fate of Wady Rayan complicates the question, as 

of the there are three conditions under which the drainage would have to be arranged f)r, 

question by , 

^, namely : — 
vradi Rayan. a) With the Wady Rayan as a storage reservoir. 

bj With it adopted to serve as a receptacle for the drainage. 
c) With it left unused. 

In case (a) a new main drain on the east of the Bahr Yusif would have to ba dug frjm 
Lahun Southwards. 

In case (b) the Bahr Yusif would become the main drain in cases (a) and (c) Hod 
Kosheshah and all the land balow R. L. 28.00 would have to be reserved as basin to provide 
for the drainage during High Nile ; or a system of parallel drains as described further on in 
this note would have to be provided for the drainage. 
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In any cas3 the Fayum supply is a difficulty. If the Rayan is made a Reservoir, the fl)3d Fayumsuppiy 
supply to the Fayum will be as before from the Bahr Yusif. But the reservoir level will fall <**^®"**y- 
too low in summer to give R. L. 22.00 at Medinet El Fayum which is the level desired there. 

If the Rayan is not used at all, the flv^^od supply f jr the Fayiim must come from the Bahr 
Yusif also, or by a back flow from the Kosheshah Escape ; Hxl Bahabshin-Koshesha being 
reserved as a Basin. In such a case the drainage water could be kept so diluted by the fresh 
supply from Deriit as n^t to be injurious. But in the Summer it would not do to feed the 
Fayiim from a drain which collects the drainage of such a large area. 

Hence in both these cases it will be necessary to provide a branch from the Ibrahimiyeh 
to carry a discharge of 2 mil. cubic metres from about the end of March, over which channel 
during flood (until the basins South of Derut are als) suppressed) the discharge waters of the 
basins from Asyut to Derut will have to pass. 

If the Wadi Rayan is used as a receptakle for drainage and the Bahr Yusif as a drain, 
we are met with the difficulty of providing a separate canal to carry 7 millions, the flood 
supply of the Fayum. I'he simplest solution of the two conflicting problems of drainage and 
Fayum supply appears to be that which is not complicated by any question of the Wadi 
Rayan,and in whicTi, in Summer, the Bahr Yusif is the main drain, and the Fayiim is fed 
by a special branch from the Ibrahimiyah, and in flood the Bahr Yusif carries the floxi supply 
of the Fayum and the Bahabshin-Kosheshah basin is reserved as a basin to provide f)r the 
j>Hiii drainage. 



jjwf 



On the accompanying map I have shewn, by full red lines the proposed canals f )r Map shewing 
converting Middle Egypt into '*Sefi'*, and b;^ dotted lines a few of the drains. It is absolutely propo««<i 
necessary to incl ude the W. of the Bahr Yusif as after the suppression of the Minia basins it 
will ba impossible to raise the Bahr Yusif level sufficiently to flood them. 

The total ost of these canals I estimate to be L. E. 308,500, 

The details of the estimate by which I have arrived at these figures I do not give here, costoi work*, 
but the abstract is as follows : — 

438 kilometres of Main Branches from the Ibrahimiyah canal , 20 cubic metres cubic mithes. 

per m. run average 8,760,009 

tMi\ 657 kilometres, of minor branch canals and drains 16 cubic metres per m. 

run average 10,512,000 

'^'A Total 19,272,000 

Or say 20 millions cubic metres. 
'yJ^^-l Earthwork 20,000,000 at P. E. l4- — L.E. 250,000 



lit wa 



■'^^' (\ Masonry Works : — 

Vu : syphon at Dalgawi Escape, 3 syphons -under the Bahr Yusif, Heads 
Regulators » 41.000 

Fayiim Feeder-Earthwork L. E. 7,500, syphon under Basin Escape channel 
L.E. 10,000 » 17,500 

Total.... L.E. 308,500 



But there has to be added to this estimate the cost of enlarging the Ibrahimiyah as well vridening 
as that of completing and extending the main drain through Gizah. The following table -,^^*j 
shews that the present maximum discharges of the Ibrahimiyah canal will be exceeded. canai. 
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The Ibrahimiyah Canal. 



Table 

of present 

and future 

maximum 

dJsoliargeB. 



BELOW RB(iULATOR 



Derut 

MiDia 

Matai 

Maghaghah . . • . 
Sharahnah 



PRESKNT 

MAXIM LTM 

MILLIONS 

OF 

CUBIC METRES 

PER DAY 



13 

6 7. 

5 

3V. 
IV4 



FUTURE 

MAXIMUM 

MILLIONS 

OF 

CUBIC METRES 

PER DAY 



12 V, 

9V. 
6 

4 

03/ 



NUMBER 

OF 
AKCHKS 

IN 
REGULATOR 



7 

3 
6 
5 
2 



REMARKS 



Regulator ample water way. 

The Kxjk can be made int^ 2 m>re 

openings. 
Ample waterway. 



do 



d.j 



Waterway sufficient, but will require 
strengthening down stream. 



The present full supply of the canal fills its channel more espadally nalow Minia and 
Maghaghah. Beims exist on b)th sides which might be partly remn'ad. 

From Minia to Kolosnah, and from Maghaghah to Feshn and perhaps also to Beni Suef 
the canal will require enlarging. 

In all 60 kil >motres will require enlarging. At Beni Suef this can be easily done, less 
easily from Maghaghah t ) Feshn, and least easily fi'om Minia to Kolosnah. Ab)ve Minia the 

» . . . 

banks may require strengthening for 10 kilometres. 

It may be necessary from Minia to K)l)snah to enlarge the Safeafah, and let it carry 
3 millions of the total discharge required (^), and the Minia need n)t be altered. The 
Safsafuh canal (maximum discharge ab nit 400,000) would be dug anew outside it^ old channel. 
This would require f)r the two canals abiut 2 millions of cubic metres. 

The alterations to tlie Ibrahimiyah canal may be estimated to cjst as f)lloNi^s ; — 

Alterations to masonry works. . .r . . . * L. E. 2,000 

Enlargement Miuia to Ki>lf )snah, i»r alternate-enlargement of branch canals.. » 40,000 

Enlargement Maghaghah 1 3 Feshn. . • » 8,000 

Enlargement Beni Suef. • » 2,000 

Strengthening banks ab jve Minia » 5,000 

L. E. 57,000 



The prolongation of tlie main drainage line of the Bahr Yusif channel through the 
Province of Gizah, to enable it to discharge into the Rosetta branch below the Barrage, after 
passing in syphon under the Rayah Behera, would solve the drainage difficulty in the most 
satisfact )ry manner, and allow of the am version of hods Bahabshin-Kosheshah and Riggah 
t > Sefi cultivation, arid also pn)vi(le f>r the drainage of Gizah province. 

The basin mentioned have an area of ab)ut 100,000 feddans. 

The drain prolongation would be a channel 110 kilometres in length of 40 metres bed' 
width and 4 metres depth. Its excavatitm, the syphon under the Rayah Behera, and the 
improvement of the Bahr Yusif channel may be estimated to cost L. E. 600,000. 



(l) Note : II may be betlor (see note on mop) to eiilar^tre oanol taking off above Minin and sufficiently 
to feed the two branches shewn as bifurcating from Abu Bagamh canal and tlius avoid necessity of much 
alteration to Ibrahimiyah. 
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The estimate of converaioQ therefore becomes : '^'^ •■uoMie 

Branch caaals and drains L. E. 306,500 j„^^,, j^^^^ 

Main canalitself » 57,000 ™«™ioB. 

Main drainage ., » 600.000 

Total L. E. 965.500 



The cost of the Asjut Uarrage, which I believe is estimated at L.E. 600,0iX), would have 
to be added to this. 

In conaection with the subject of the Fayum supply, it may be useful to note here the Levaic 
following levels to show how far it would be possible during & low flood year to feed the oonavuM 
Fayiim direct from the Kosheshah escape. A level of 25.90 above the upper of the two bridges oiui«F«T«im 
is required to give 23.95 down stream of the old bridge which is the maximum level required. •"pp'y- 
This level is required from the 15th August to the lOth November. 

Iq 1888 the Nile rose to 24,00 at Koshesha by the 15th August, and with the exception 
of a few days below that level by an amount not exceeding 12 centimetres, it remained above 
34.00 until the 6th October, the maximum height reached being 24.80. So that in a bad year 
any arrangement to give the Fayum its flood supply direct from Koshesbah would fail, 
though in ordinary years even such as 1893 it might be managed successfully. .As regards 
the summer levels, the Fayiim down stream of old Lahiin Bridge has had during the last few 
jears a lowest water level of R. L. 22.40. To give it 2 millions cubic metres and to preserve 
the'ordinary level maintained at Medtnah a down stream of 22.90 is necessary. It is obvious 
that if the W. L, if the Wadi Rayan fell to 33.00 in summer it could not produce this level 
. at Lahiin. 

Upper Egypt. — Ck>8t of remodelling the canal system. 

Oq p. 46 and following pages of appendices to "Nile Reservoirs" Mr. Willcocks gives an iipp«r sgypt. 
estimateof the cost of remodelling the Upper Egypt canals. Without further study than the com oi work*. 
time allowed for writing this report provides for, it is useless for. me to attempt to make an 
independent estimate. I think the.broad principles as proposed by M^ WiHcocks are suitable 
viz : — Da,ms at or near Esna and Dishna and utilisation of those canals which are suitably 
aligned for the purpose. I consider that the Suhagiyah should be made a drainage line and 
not an irrigating line, and that from Suhag the Tahtawiyah should c^rry forwar.l the full 
supply and not only part of it. 

To the one million pounds of Mr. Willcock's estimate there is also to he added half a 
million for drainage and another half milloa for each of the two proposed dams at Esna and 
Dishna bringing the total up to L. E. 2,500.000. 
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iDoraasa 
to revenue. 



QUESTION 4. 
Increased revenue to the country. 

(a) Indirect^ as regards land at present cultivated ( f sefi) which would be increased 
in value owing to the assured water supply, 

(b) Indirect^ as regards land at present under Jlood irrigation only^ which would be 

brought under summer irrigation ^ thereby rendering a double crop possible. 

(c) Direct, as regards land at present waste and uncultioated, which could be rendered 

cultivable^ and yield a direct return to the state, both by the sale of such lands 
and by the additional yearly taxation which they would bring in. 



The different descriptions of land are thus distributed : — 

Middle Egypt. 

Basin 

Sefi 

Sahel and Nabari 

To be reclaimed 



(Derut to Riggah) 
485,835 feddans 
S89,546 » 
194,000 >) 
40,000 » 



Total 1,108,381 feddans 



Upper Egypt. 



Basin 

Sahel and Nabari 



(Aswan to Derut) 
832,580 feddans 
195.000 » 



Total 1,027,580 feddans 



Data for The valu0of tho land, the rent obtainable and the value of yield perfeddan is given below i—^ 

calculating ___^___^_______^.^^.^_^_____^_^^^___^^^_______^____^_^^_^^^__^_^^^_^__^^^^_^_^_^_^^^^ 

present and 

future values 

of Und rents DESCRIPTION OF LAND 

and value 
of crop. 



Ordinarjr basin 

Best basin 

Worst basin... 



Ordinary Seji. 

Under present conditions < 

With supply assured by reservoir 

BestSefi 

Worst Sefi 



Sahel and Nabari. 



Ordinary 
Best../., 
Worst . . 



VALl'E OF LAND 
PER FEDOAN 



L. K. 

12 

20 

4 



30 
40 
50 
15 



15 
20 
12 



RENT 


PAID TO owner: 


OWNER PAYING 


LAND TAX 


L. 


E. 


2 
4 


V. 


1 


V, 


3 
5 


V. 


5 
3 


V* 



4 



VALl B OF CROP 
PER FEDOAN 
PER ANNUM 



L. E. 
3 74 

5 'A 

IV, 



7 

9 

12 

4 



4Ve 

5Vt 
3 



Example 

of 6 years 

rotation 

of crops. 



The value of the yield of Sefi land is calculated from the average of 6 years, the period 
of an ordinary lease. 

The contract would begin in September and the rotation would be, for example as 
follows : — 

2 years. 
From September 1893 ( Bersim (if area rented is small) ploughed up after 2nd cutting to 
to September 1895. . . | prepare for cane. Cane first year. 
1 year. 
From September 1895 ( 2nd year's cane, or more generally durah, followed by beans (oqre) 
to September 1896 ..( planted while the durah is standing. 
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3 gears. 
From September 1896 J Bersim (if area is small) ploiijf lied up after Sail cutting to receive 
to September 1898 iotlon followed by beans Oiqre) planted whilo the otton is standing. 
1 year. 
From September 1898 to September 1899 : Durali and beans (oqre). 
When tliere is au assured supply fr im a reservnip the valuo of ordimry Seii land will 
increase from L.E. 30 t) 40 a feddan and rf>nts will rise from L.E. S '/i to L.E. 5 a ftddan, 
■while the value of the yield will increase froiri L.E. 7 1 1 9 a feddan, imd the Basin and Sahil 
figures will also rise to the same as the increased flyures f jr ordinary Sefi Ian 1. 
We thus get the foll.jwing results : — 





Middle Eg'ypt. 




Tab 
DTproH 




PRESENT V.^I.UE OP LAND 


PUTUftB V 


ininn 
ALUE OF LAND Middl* 


FEDDAS3 


RATE 


AMODNT 


HATE 


AMOU.ST 


Basin 485,835 

Sefi 389,540 

Sahel 191,111)1) 

Reclaimed 40,000 


L. E. 12 

» 311 
15 


L.E. 5,83:),0:>( 
» 11.08ti,3-(! 

» 2,!)1U,OOU 


L.E. 40 

» 40 
« 40 

ao 


L.E. 19,433,40:) 

» 15..'i.SL.84l) 
« 7.700.010 
« 8 )0,0i)0 


ToTAi 1,108.381 




L.R.20,4i!(!,400 




L.E.4.X575,24fl 




PRESENT RENT 


FUTL-UK REMT 


 FEDDANS 


PER FEDUAN 


Tt'TAL 


PER FEDDAN 


lOTAL 




L E. i", 
n 3 


L.E. 1,214.587 
» 1,;W3.4H 

5S-.>,00 ) 


L. E. 5 

» 5 
B 6 
» 4 




Sefi 389,540 

Sahil 194.W0 

Reclaimed 4)1.01)0 


» 1.!I47.7:W 
« 970,0)0 

nio,ooo 


Total 1,10S,3S1 




L.E. ;t,159,998 




L.E. 5.506,905 




r,..s.>Tv.u:..KCH,....:,..vM;« 


^,T^<.v.u.o.cmu..M..^M•« 


FEDDASS 


PER FEIHIAN 


TOTAL 


PER FEUDVN 


TOl'AL 


Basin 48r..8'5 

Sefi 389.546 

Sahil 194,(K)I| 

Reclaimed 4ii,00U 


L.E. 3V. 

7 
" "1 \'i 


L.E. 1.578.904 
>> 2.720.8^2 
B 873, UIJ) 


L. E. 9 

« 9 


G 


L.E. 4.372.515 
• 3..'ii)5.9l4 

B l,7lti,iH)0 
B 240,0;JO 


ToTAl 1,108,381 




L.E. 5.178.780 




L.E. 9.804,439 



Thus we sen that tliH vahv? of the land i)r.)perty of Middle Egypt will increase fmm 
L.E. 20,426,400 t) L.E. 43,575,240 The t)tal rental will increase fr)m L.E. 3,159,998 to 
L.E. 5,506,905 ; and the value of the annual yield will increase iwnn L.E. 5.178,786 to 
L.E. 9,864,439. 



The profit is to the land owners and the cultivators, and the direct revenue benefits only 0(„ot 
t<» the extent of ab>ut L.E. 20,000 for the area to be reclaimed in the Fayoum. But Govern- '"^J^j" 
ment is also a land owner in Middle Egypt, as the Dai'ra Sanioh is a Government Estate the 
value of which will probably l)e incraa-sed by L.E. 3,000,000 in cmsequence of the assured 
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supply which the construction of reservoir would give. The rents would rise from L.E. 3 '/« 
to 5 so that the rents received by the Daira should shew an annual increase of L.E. 400,091) 
which may be taken as the figure rtjpresenting the direct increase t » the revenue neglecting 
theabweL.E. 2(),000. 

It is however possible that when there is so much m)re Sefi land available ti meet the 
demand the rents may not go up so high as I anticipate. 



Direct What share of the increased profits (m the remaining land will indirectly reach the 

DcreaM to (jQyepnnaent treasury Icannot with the time and materials at mydisp)sal pretend t) ostimite. 



revenue. 



Possible 
•ouroee of 

increase 
to revenue. 



New fact >ries will spring up and Government might put a tax on all such new esta- 
blishments. The 485,835 feddans might Ik* taxed up to the rate of the present Sefi land tax 
which would give at 30 P. T. a feddan, a direct additi >n of L.E. 151,750 to the land tax. 
The foregoing tablesshow separately f )r Middle Egypt the increased value of the land already 
under Sefi irrigation due to an assured water supply and also of the land at present under 
flood irrigation and p)ssibly experts in finance may from these figures be able to d mIucs what 
will be the indirect increase to revenue and to them I leave the calculation. 

For Upper Egypt the figures are given bebw : — 

Upper Egypt. 



Tables 

of present and 

future values 

Upper Egypt. 



TOTAL AREAS 



Basin 832,580 

Sahil and Nabari. 195,()00 



Total 1.027,580 



PRESENT VALUE OF LAND 



RATE 



L.E. 12 
» 15 



TOTAL 



L.E. 9,91>:),9G0 
j> 2,925,000 



L.E. 12,915,900 



TOTAL AREAS 



Basin 832,580 

Sahil and Nabari. 195,(KX) 



Total 1,027,580 



PRBSENTB RENT 



PER FEDDAN 



L.E. 2V2 

» 3 



TOTAL 



L.E. 2,081,450 
» 585,000 



L.E. 2,666,450 



FUTURE VALUE OF I-AND 



RATE 



L.E. 35 

35 



1» 



• • . • • 



AMOUNT 



L.E. 29,140,300 
» 6,825,000 



L.E. 35,965,300 



FUTURE REMT 



PER FEDDAN 



L.E. 

» 



4 
4 



AMOUNT 



L.E. 3,330,320 

78(J,O00 



L.E. 4,110,320 . 



TOTAL AREAS 



Basin 832,580 

Sahil and Nabari. 1^5,000 



PRESENT VALUE OK CROPS PER ANNUM 



PER FEDDAN 



L.E. 3V4 
» 4 V, 



Total 1,027,580 



FUTURE VALUE OF CROI»S PER AXNCM 



TOTAL 



L.E. 2,705,885 
877,500 



» 



L.E. 3,583,385 



PER FEDDAN 



L.E. 



8 
8 



TOTAL 



L.E. 6,660,640 
» 1,560,000 



L.E. 8,220,«0 



I have put the future value, rent, and value of produce rather lower than for Middle 
Egypt on account of the greater remoteness from the export market. 

Thus we see that by conversion to Sefi the value of the land of Upper Egj'pt (South of 
Derut) will increase from L. E. 12,915,960 to L.E. 35.965,300, the total rental from 
L.E. 2,666,450 to L.E. 4,110,320 and value of produce from L.E. 3,583,385 to L.E. 8,220.640. 

The following Table (C) collects the totals for Bjth Upper and Middle Egypt. 
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TABLE C. 
Table shevidng the totals of results for Middle and Upper Egypt, 





PRESENT 

TALUE 
OF LAND 


FUTURE 

VALUE 

OF LAND 


INCREASE 


PRESENT 
RENTAL 


FUTURE 
RENTAL 


INCREASE 


PRESENT 

VALUE 

OF ANNUAL 

YIELD 


PR ME NT 

FUTURE 

OF ANNUAL 

riBLD 


INCREASE 


Middle Egypt. 

Upper Egypt .... 


20,426,400 
12*915,969 


43,575.240 
35,965,300 


23,148,640 
23,049,340 


3,159,998 
S,666,450 


5,506,905 
4,110,320 


2,346,907 
1,44^.870 


3,178,766 
3,583,383 


9,864,429 
8,220,640 


4,685,643 
4,637,255 


Totals 


33,:U2,360 


79,540,540 


46,198,180 


5,826,448 


9,617,225 


3,790,777 


8,761,171 


18,085,069 


9,322,808 



This table gives much greater future values than those given by Mr. Willc^cks. 
The data on which these calculations are based are given, so that if they are erroneous, 
the error can de detected. 



QUESTION 5. 

'^Your opinion as to the adoisabitittj of suppressing the Basin system , £it her as a whole, 
or in part and what you consider would be the effect of such suppression upon the 
flood gauges in Cairo and the Delta ". 

Col. Ross has pointed out that infiltration in Lower Egypt would begin nearh' a month p. se " NUe 
earlier than it does now if the basins were suppressed : on the other hand it would probably ^^^eryroin". 
cease a month earlier so that the duration of the period of infiltration would oe the same. ^***^* °* 
But Col. R )ss states that the earliness of its appearance would be the cause of increased inmtration. 
damage over that which is produced by the present state of things. This is a question f )r 
Lower Egypt, but probably this difficulty could be met by the c mstruction of infiltration 
drains c mnected with the main drains, and it seems to me that an improved drainage system 
would meet the case, and this ol)jection t > the suppressiim of the basins would disappear. I am 
inclined t> think that the earlier the infiltration begins to rise to the surface of the land (in 
Upper Egypt at any rate) the less likely it is to get the better of evaporation. 

In Augui^t and September the sun is p)werfull and the air dry ; in October bo h these 
Conditions begin to change perceptibly. 



As regards the effect of the suppression of the basins on the maximum height which a 
high flvod would reach, I believe their suppression W(>uld tend to produce a lower level than 
that which is produced under present conditions. The figures collected by the Director 
General of Reservoirs should decide the p )int. 

If I am wrong, at any rate the increase of the maximum wiH be but small. A study of 
the Roda gauges for 1878, 1887, and 1892, years of extraordinary high fli)ods, shows that the 
maximum levels were reached after the date when the fl o )d due to the maximum at Asw^n 
roust have passed Cairo, and were theref )re partly due to the water stored in the basins 
being returned t) the Nile. 

Were there no basins, the fall at Cairo would follow the fall at Aswin. In 1878 the 
Roda gauge was over 22 pics up to the 16th November, alth )ugh by the 10th November 
Asw&n have fallen to 12 pics 10 kirats. The late date of getting rid of the water was I believe 
most injurious. In 1890 I was with Col. Ross when he got an impatient letter from an 
Inspector of Irrigation of Lower Egypt, beseeching him to let ofi* the water rapidly, and 
produce a severe level for a short time rather than prolong the period of high fl))d to a late 
date. 
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Effect 

produced by ^ ^ave made out from the gauge readings of 1892 and 1893 the figures given in the 

opening accompanying table A from which it appears that the opening n{ the canals with Aswin at 



the 
upper Hgypt 



15 pics causes a reductirm of the Nile level of 20 to 25 centimetres at the S >uth b »undarj of 
Girga, of from 50 t ) 55 centimetres from Girga to Assyiit, and from 60 t) 65 centimetres 
from Assyiit to Wasta. 



TABLE A. 



LOCALITIES 



Aswan 

Rainadi 

Kilh 

Isna 

Asfun 

Armant 

Fadaliyah 

Escape Aishi 

Shanhuriyah 

Tukh 

Escape Gebelaw 

HeadGliihsi 

Head Rinnan 

Escape Hamid 

Nnga Hamadi 

Rash waniyah 

Abu Shushah 

Kasrah 

Baliana 

Girga.. 

Menshiyah 

Akhtuin 

Suhag 

Gez : Shandawil 

Escape Galawiyah 

Khizmdariyah 

Abutig 

Maanali • 

Asyiit 

Hod Beni Hussayn 

Abnuh 

Escape Maabdah 

Roda (Asyiit) 

Minia 

Abu Biragah 

Svph<m Sultani 

Biba 

Syph )n Nina 

Head Bahabshin 

Beni Suef 

Kosheshah 

Wastah 

Rodah (Cairo) 

Barrage 



Dill TO 12111 


3r(l TO 7lli 


lslTo5lli 






Ai'G. 1892 




OCTOHEU 






CALCULATED 


mBIM'F.MBEU 

ld9:{ 


IS93 
CALCILATED 


DIFFERENCE 


DIFFERENCE 


FKOM 




FHOM li PICS 


KETW FEN- 


BETWBEX 


14 PICS 


15 PICS 


18 KIRATS 


COL. I AND 2 


COL. 2 AND 3 


Col. 1 


Col. 2 


Col. 3 




15. Pics 


15. Pics 


15 Pics 


. 


. • 


• • 


85.48 


85.73 


. 


0.25 


82.44 


8;>.38 


82.62 


C6 


0.24 


79.72 


79.58 


79.86 


0.14 


0.28 


• • 


79.21 


79.44 


• . 


0.23 


77.25 


77.09 


77*. 3 1 


0.16 


0.22 


• • 


75.95 


76.24 


. . 


0.29 


• • 


75.18 


75.35 


• . 


0.27 


• • 


74.44 


74.75 


. . 


0.31 


• • 


73.38 


73.61 


. . 


0.23 


• • 


71.91 


72.17 


• . 


0.26 


• • 


71.40 


71.69 


. . 


0.23 


• • 


(>9.62 


69.84 


. . 


0.22 


• • 


68.34 


68.09 


• . 


0.35 


• • 


67.20 


67.50 


• . 


0.30 


• • 


67.08 


67.40 


• . 


0.32 


64.89 


64. 6<) 


65. (X) 


0.23 


0.34 


64.86 


64.62 


W.99 


0.24 


0.37 


64.62 


&1.42 


61. (>6 


0.2() 


0.24 


63.41 


63. n2 


63.21 


0.39 


(t.l9 


62.14 


61.52 


61.81 


0.(52 


0.29 


61. 0(} 


60.42 


60.73 


0.&4 


0.31 


60.64 


59.89 


60.13 


0.75 


0.24 


• • 


58.79 


59.06 


. • 


0.27 


. • 


57.47 


57. (W 


. • 


0,21 


56.96 


56.59 


56.87 


0.37 


0.28 


53.42 


52. 8(] 


53. 2t) 


0.56 


0.43 


. • 


51.88 


52.31 


• • 


0.43 


51.54 


51.08 


51.41 


0.46 


0.33 


. • 


50.21 


50.55 


. • 


0.34 


. . 


49.65 


49.93 


• • 


0.28 


. • 


48.03 


48.53 


. • 


0.5t» 


42.05 


41.43 


41 65 


0.62 


22 


38.58 


37.95 


38.28 


0.63 


0.33 


. . 


35.82 


36.10 


. • 


0.28 


• . 


30.00 


30.33 


• . 


0.33 


29.95 


29.36 


29.76 


0.59 


0.40 


• • 


28.98 


<Wt/ • <wO 


• • 


0.28 


• • 


27.87 


28.19 


. . 


0.32 


28.12 


27.52 


27.88 


0.60 


0.36 


25.40 


24.80 


25.26 


0.60 


0.46 


25.42 


21.74 


25.17 


0.68 


0.43 


19.11 


• . 


19.14 


. . 


• . 


16.38 


. • 


16.25 


. • 


. . 



Note. — The difforence between Cols. 1 and 2 shows llio effect on Ihe Nile love! of opening Hie 
Bnsin cannls, when the Nile is nt ir> pics at Aswnn. The diffc^rence l)el\Yeen Cols. 2 and 3 shows Uie 
increase on Ihe levels due to 15 pics nt Aswan of the 3i'd and 17th Seplomber observed from the levels of 
tlie 1st to 5th October siiowing that the elTect of the canals in lowering the Nile levels has ceased as far as 
Girga, and from Girga northwards has been decreased by a half or two tliirds. 
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At higher levels the effect would pr )l)ab!y b^ greater. But the difference bstween the 
levels with tho. canals closed and the levels with them w )rk'^d as at present would n)t g > on 
increasing at a uniform rate higher the UokI, as after 16 V,. pics at Aswin under present 
conditions, the heads of the canals are partly closed anrl theref )re part of the effect of closing 
the canals is produced in every high fl o u\. 

In a great flood the basins fill rapidly and fr )m, the 10th September, the relief afforded by 
them rapidly decreases until the 24th September it ceases alt )getlier and changes into the 
reverse. We may theref >re expect the suppn»,ssim of the bisins W)uld prxluco increased 
heights of the fl >k1s fr »m the 15th August to the loth Septemb3r and rlecreased heights after- 
wards, as compared with the heights reached bpf>ro the suppressi )n of the basins. What 
the am)unt of these increases and decre:ises will be Mr. Willocks will probably have 
already calculated. 

The artificial And prnUiced by the basin discharge will be of ourse hst to Lower Effect 
JE^vpt when the basins are suppressed, which will bo a 1 >ss in a bad fl iy\ year, b:it a crain P«x*«oed 

"^ o |)y discharge 

in a high flood year. In 1898 an endeavour was made t > produce a maximum effect by- the of basiDs. 

discharge of the kisins of Upper Egypt, with the result that a fall of 1.08 metres at Aswin 

from the 9th to the 22nd October was cmverted int > a rise of 0.02 at the Harrage between 

the c MTespon ling dates, viz : — fr.)m llth to 27th Oct thn\ The total effect therefore on the 

Nile at Cair ) am >unted to a rise ifi level of 2 metres. The ace >mpanying Table B, shows how 

this gain was distributed along the Nile valley. 



TABLB B. 



KIUIXBTNES 

KROM 

AS W A If 



359 



83 V. 
1227, 
161 
167 
:?00 
215 
233 
240% 
253 
281% 
292 
309V« 
332 
34G 
348 
383 

3837, 

3897, 

407 

425 

440 

447 

463 

477 

491 

527 

540 

546 

562% 

570 



GAUGE 



WadiHalfah 

Aswan 

li^^id Ramadi 

Kilh liscape 

Isna 

Head Asfiin 

Aimant 

Fadali yah 

Escape Ashshi 

He.iil Slianhuriy;ih . . . 

HeadTukh 

Kscape Gebelaw 

HeadGhilasi 

Head Rinnan. ...... 

Escape Hamad 

Naga Hamadi 

Head Rashwaniyah . . 
Ascape AbuShiishah. 

Head Kasra 

lialiana 

Girga 

Menshiyah ..., 

Akhmin 

Suhag... 

Gez: Shandauil 

Escape Galawiyah. . . 
Hear! Khizindariyah.. 

Escape Abu Tig 

Head Muanah 

Asyut 

Head Beni H assay n • . 
Abnub 



CORUESP )N[)ING 
I>ATK 1893 



FROM 
OCTOBRB 



gth 

(jih 

1(J^»» 

1U^»» 
10^»» 
1U^»» 

w^ 

10'*^ 
10^»> 

10'*» 

1()^»» 
llth 

lllh 

llth 

llth 

ll.h 

llth 

llth 

llth 

12'»» 

12«»» 

12'^ 
12^^' 
12^»» 
12'^ 
12''^ 
12'^ 
12»»» 
l-2»»» 



TO 
OCTOHBEl 



•>Ord 

;23rd 
93r.i 

2{i''^ 

23^» 

23'-«* 

23'^d 

23"*'* 

24'^ 

24»» 

24' »» 
04th 

24'»» 
24'»^ 
2V^ 
24'^ 

25^'» 

2ry»» 

25''' 
25'»> 
25^»» 

2r)»»' 

25'^ 
25^*^ 
25^»» 
25^'* 
25*^ 



FALL 



1.12 
1.08 
.86 
.96 
.97 
.9) 
.93 
.63 
.71 
.77 
.50 
.29 
.52 
.70 
.72 

.(;4 

.58 
.54 

.47 

.40 
.39 
.32 
.22 
.32 
.0(> 
.17 
• . 



RISE 



RE.\1ARKS 






Opened 20th. 



Opened 20 th. 






.16 
.23 
.25 

.24 



Opened 20th. 



Escape opened 21st. 

Opened. 

Opened. 
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Table B (continued). 



CORRESPONDING 






DATE 1893 


FALL 


RISE 


FROM 


TO 


OCTOBER 


ocrroBER 






12»»^ 


25«»» 




.53 


13»»^ 


26'^ 




• • 


13'»» 


26'^ 




.S8 


13*»» 


20»»» 




.50 


IS*** 


2G''' 




.65 


14.h 


2V^ 




.52 


14ih 


27*»» 




.51 


14ih 


27th 




.59 


14th 


27^»» 




.55 


14ih 


27^»» 




.5.3 


14ih 


2?»» 




.52 


14ih 


27'»» 




1.07 


14ih 


27'»» 




.84 


14th 


27*»» 




.94 


14th 


27^'* 




• «/<w 



KILOXBTRES 

FROM 

ASWAN 



598 

62S 

660 

70() 

727 

769 

795 

806 

810 

819 V, 

825 

857 

860 

942 

968 



GAUGE 



Escape Maabdeli 

Derut Escape 

Roflah (Asyut) 

Minya 

Head Abu Bagarah. . . 

Map^haghah 

Syphon Sultani 

Blba 

Mina Sj'phon 

Head raliab^hin 

Beni Suef 

Koshesliah 

Wastah 

Rodah Gaiiv) 

Barrage 



REMARKS 



Opened. 



Escape opened. 



Effaotfrom ^^s far as Armani aloiiff the first 200 kilometios of river from AswSn, the effect prxluced 

basins South 

ofAsyAt was slight, and am)unted to 15 centimetres. In the next 200 kilometres t) Girga ab>ut 
50 centimetres was added to the 15 of the first 200 kilometres. From Girga t) Asyut, a 
further 68 centimetres was a<ided making the total rise as Asj'^ut 1.33 metres. 

From Asyut to Beni-Suef, the rise was further increased by 27 centimetres to which 
Kosheshah escape discharge added another 40 centimetres making the t)tal north of Asyut 
67 centimetres or half that due to the basins south of Asyiit. The effect produced by filling 
the basins in lowering the Nile level is probably proportionate to the effect produced by 
emptying the basins in raising the Nile level in the ratio of 1 to 2 as roughly speaking the 
basins fill in 40 days and discharge themselves in 20 days. We may therefore, after making 
allowance for the discli.irge require^l for Sefi irrigation, conclude that the abolition of the 
basins north of Asyiit w )uld increase the flood levels of the Nile from 15th August to 15th 
September by about 30 centimetres above the levels which, under present conditions the Nile 
attains between those dates, and that the abolition of the basins ^outh of Asyiit would add 
another 50 centimetres to this increase, the total increase produced at Cairo being 80 centi- 
metres for the period stated. This must not be understood to mean that the maximum level 
would be increased, but only the levels of the dates named. To abolish basin irrigation in Middle 
Egypt W()uld therefore pr»)duce no serious results on the Nile levels but the effect produced 
by the further abolition of the basins south of Asyut would be more formidable. 

of^MWdSrand ^" making my calculations, I include with Upper Egypt south of Asyut the basin area 
Upper Egypt, down to Derut on both sides of the Ibrahimyiah as this would have to be irrigated from the 
upper ( s )uth of Asyut system of canals }. 
The basins areas are thus : — 

South of Asvut \ ^^^ ^^^^ 746,676 feddans 

boutuoiAsjut I Right bank 283,489 p 

Northof Asyiit, Middle Egypt Left bank 544,835 » 



1,575,000 feddans 



(Not including Gizah). 
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In note "b" page 59 of **Nile Reservoirs*', Sir Colin Moncrieff states thatCol. Ross proposes coi. roms 
to retain, 182,000 feddans of basins, and adds, that these basins would be sufficiently large to to retain 
act as moderators of the Nile fl(>od. The balance suppressed would be nearly 6 times this area, iQa.ooo Ud- 
so I do not think that, if the total suppression of the basins is calculated to produce danger- 
ously high levels in the Nile, it will remove the danger by retaining only Ve or 7? of the 
area as basins to moderate the floods. 



But the most important reason that Col. Ross gave for the retention of portions of the 
basins chains, and which he. laid stress on wss the need of providing means to drain the basin 
areas after conversion to perennial cultivation. 

For Upper Egypt, south of Suhag, there would appear to be only two possible ways of 
providing for the drainage during the months of high Nile, one of which is that proposed 
by Col. Ross, viz : — to retain the lower end of certain basin chains as basins, so as to be in 
a position to allow the water level to rise in them sufficiently to top the Nile flood level. 

The other way of providing for the drainage is to adopt a system which has been 
successful in Italy. The arrangement consists m embanking the lower lengths of each 
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drain so as to allow the water in the drain to rise higher than the water in the canal intj 
which it would discharge at its tail at A (as in the sketch above). The right branch of the 
drain of the next section would be syphoned under the drain in embankment and would in 
its turn be embanked along its lower length, and be tailed into the canal. If the admission of 
the drainage water into the canals is objectionable, the same arrangement could be followed for 
discharging instead into the Nile through syphons under the canal; but in this latter case the 
drainage must top the maximum flood of the Nile, and in the former, the high flood level of 
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the canal. In the lowest section of all, wnere this system ouM be extenrled no farther on 
account of the local features, a pumping stati)n would ba necessary, but only (jv the service 
of the one secti >n at the tail of the whole system. 

The objecti)n to providing f)r the drainage as proposed by Col. Ross is that the terminal 
basins will be dt^prived of the benefit of Seli irrigation and thei'e would always remain a 
certain area at the north end of the Sefi area alongside the boundary of the basin wliich 
could n »l, with«»ut a pumping station, l)e drained during floixls. This area could l)e reduced 
to a minimum by correctly aligning the basin boundary bank along the contour which 
is 25 centimetres below the level to which it is n»»-cessary that the basin should rise t> top the 
high fl >od level of the river at the outfall. 

The system as followed in Italy does not avoid the necessity of a pum[.ing station at the 
I )wer end of the last socti >n, but it elsewhere {)roviJes f )r perfect drainage and admits of the 
whole area being brought under Sefi cultivati >n. 

FrornC)!. R »ss' Map it app(»ars tint he letains large areas in IbwIslVnii-SmiaandZinnar 
as basin. But I should pr )iH)St^ whichever systijm of drainage is approved, to suppress the 
basins from Suhag t> Bi?ni Suof entirely, the channels of the Suhagiyah and Bahr Yusif 
being made the one continuous main drain for this if^ngth of the country. 

As regards the East of the river and the country on the West of it to the South of Suhag, 
if Col. Ross' proposed metho;! is sidected, Suhag Basin, or a j^Kirtofit, would remain basin fjf 
the draining of the country from Ilew to Suhag and the retained areas in other chains woulJ 
b^^ as proposed by (jol. Ross. 

There is for the country North of Suhag a third possible means of drainage and were it 
not for the prohibitive exi)ense necessary to pri vide this means possibly the best of the three; 
and that is the utilisation of the Wady Rayan as a receptacle for the drainage, which subject 
will be CJn^idered ui.der questi)n six. 

opiniou ^'y opinion, as regards the suppression of the bisin system, is that the basins may 

as regards without danger to Lower Egypt be entirely suppresse<l in Middle Egypt, that is from Derul 
bMrns^tated. northwards, but that a terminal area at the North end of the chain must ho retained as basin 
to provide for the drainage, unless the alternative system of overlapping <Irains described 
before is adopted instead. I think that, if the Basins were also suppressed in Upper Egypt 
South of Derut, the maximum heights reached by Hoods would not surpass those reached under 
present conditions, but the time only of attaining the maximum would be altered aod 
advanced three wetdvs or a month, exce[)t only in the length of river lying between Asyat 
and Kosheshah, and bcitween Suhag and Abutig, whon the effect of reducing the Ibrahimiysdi 
discharge and closing the Suhagiyah would malce itself felt in producing higher levels. As 
the height of the Nile bank in Upper Egypt is nowhere formidable, this change in the flood 
levels could be met by strengthening the b;\nks to the extent required, lor a small expenditure. 
It would however, I consider, be wiser to watch the effect produced by the suppression of  
the basins in Middle Egypt before deciding on their ultimate total extinction throughout the 
Nile valley and the programme proposed by Sir Colin Moncrieff in para. 2, page 4 '*Nil8 
Reservoirs'' allow of this being done and I am in favour of a commencement being made 
on the lines recommended by Mr. Willcocks in para. 3G, page 9 of Iht^same riijiortand 
approved by Sir G>lin Moncrieff. 
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As a 
flood escape. 



QUESTION 6. 

Opinion as to the Wady Rayan project. 

In chapter Vofmy book on ^'the Fay am and Lake Mwris'^ I have given my opinion 
generally on the utilisation of the Wady Rayan , as: 

(/) A flood escape. 

(2) A storage reservoir. 

(3) A receptacle for the drainage of Middle Egypt. 

(1) As a flood escape, I do not think the project would be worth the first cost of The 
construction and after expense of maintenance. To reduce the Nile flood by half a metre for v/ady Rayan. 
a month is the outside that the reservoir would be capable of doing. 

To enable it to efiect this it would have to be connected with the Nile at Beni Suef or a 
little to the north of it by a canal carrying 100 millions cubic metres a day. As the suppression 
of the basins will not materially alter the maxima of high floods except in point of time, a 
heavy expenditure for the relief of floods is hardly colled for (see 5th Question). 

(2) As a storage reservoir, it appears to me to be well adapted and were it not that there as a storage 
areotherrival projects with recommendation as regards economy in construction and facilities reservoir, 
of filling and emptying which may be judged to establish fjr them a preference over the 

Wady Rayan project, I should not hesitate to support the latter. As it is, it appears to me a 
mere question of expense not only in first construction, but in maintenance charges. The 
troublesome part of the Raj'^an project would probably ba the feeder canal across the Nile 
valley which might cause trouble by silting on otherwise shallowing. Suppose the ofl'-take of 
the combined feeder and outlet canal to be 5 kilometres north of Bani Suef, the canal would 
have a length of 16 kilometres through high desert, and 26 kilometres through the cultivated 
land of the Nile valley. The low level of the Nile at the point chosen varies from R.L. 21.25 
in bad years to R.L. 21.50 in ordinary years. At R.L. 21.50 the Nile discharge is 410 cubic 
metres a second, and this must be increased to 510 cubic metres a second to bring the discharge 
up tithe July requirements of Lower Egypt. The Nile level would then become R.L. 21.70. 
Allowing for a loss of head of 40 centimetres between the Reservoir and the Nile valley and 
a slope of ;rjj- across the Nile valley, the total fall would be 1.44 metres, and the lowest 
level to which the Reservoir could empty would be (21.70 -f- 1.44) = 23.14. We may call 
this R.L. 23.00 f )r purposes of calculation. 

The Reservoir would be filled to R.L. 27.00 by the Bahr Yusif alone, after it was once 
in working order, since, when a dam has been made at Asyiit, and the Middle Egypt basins 
are suppressed, the Bahr Yusif can supply 20 millions cubic metres for 5 months (September 
to January) and 10 millions for one month (February), total 3,3(X) cubic metres. 

The contents of the Wady Rayan from R.L. 23.00 to R.L. 27.00 would be 2,473 millions 
cubic metres, and, allowing one metre for evaporation during the 5 months of filling the 
total supply annually required would be 3,091 millions cubic metres. The Reservoir would 
return to the Nile valley, after deducting one and a quarter metres for evaporation, 1,700 
millions cubic metres. Now, Lower Egypt requires (Page 9 of Mr. Willcock's report) a 
reservoir capable of supplying 1,500 millions cubic metres per annum with a maximum 
discharge in July of 200 cubic metres a second. The Wady Rayan Reservoir could therefore 
possibly supply the full requirements of Lower Egypt. As the Wady Rayan, once filled, could 
be raised every year from R.L. 23. to 27. by the Bahr Yusif without help from the Nile 
inlet and outlet channels it would be better to remove the Nile off'-take of this channel further 
north to near Ashmant, so as to dra\y ofl'from the Reservoir to a lower level. But this would 
necessitate a longer canal, and what is worse, an alignment through land, which the borings 
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show to be most unfavourable. Such a change would als) be unfavourable for the first filling 
of the Reservoir and would prolong the period which would elapse from the completion 
of the works and the date on which benefit would first be derived from the expenditure 
incurred. 

In my b)ik referred t) ab)ve, I allowed for sejiarate in-fl)w and out-flow channels and 
hence g>)t a greater depth of water from the Reservoir, as my supposed outfall was at Wastah. 
But two channels would increase the total of the estimate to a prohibitive figure, and I assume 
here there will be only (me. 

Once filled, the Reservoir ould be kept working by the Bahr Yusif alone (if the basins 
in Middle Egypt are suppressed), and the silting up of this feeder canal might be prevented by 
shutting out the Nile. It seems to me thereC)re that the only objection that can be raiserl I) 
this project is its first ost, as compared with other projects, and the time it would take t» fill 
the reservoir to the level at which it would begin t) be serviceable. As regards its ost, it 
has this advantage over its Nile valley rivals, that all the work will be done in the dry, and 
its ost can be estimated closely bof )rehand. But the exi)enditure necessary ti cmnect the 
Wady Rayan with tlie Nile by a canal capable of discharging 300 cubic metres a secmd 
(25 millions cubic metres a day) when the reservoir is falling fr;>m R.L. 24 to 23 is a high 
one. Mr. Willcocks has estimated f )r a canal to discharge a maximum in July of 125 cubic 
metres onlj' and has given his canal acri)ss the Nile valley a slope of — ^ . By s> doing, he 
has been able to reduce the cubes necessary and theref ire the estimated ost of the work. 
But under such conditions, the Reservoir can (miy discharge back into the Nile a laj^er of 2 
metres (after allowing f )r loss of 1 metre by evaporation) and the needs of Lower Egypt are 
not met. Mr. Willcocks'estimate amounts to L.E. 2,013,000. But if the Reservoir is t) 
meet the full requirements of Ljwer Egypt, namely to discharge 1,500 millions cubic metres a 
year with a maximum discharging ix)wer of 25 millions cubic metres at lowest water, the 
rock channel must bo widened fr jm 25 metres base to 36 metres, and the rest of the channel 
be widened from 40 to 60 metres bed-width and be increased in depth from 4 to 6 metres. 
This will necessitate an addition to the estimate calculated as under : — 

Desert Channel: — 

2— L kilometres Marl widening t ) 60 metres 3,300,000 

Deepening 2 metres 300,000 

Cubic metres 3,600,000 at 5 P.T. — L.E. ISIOOO 

7 kilometres n)ck widening to 36 metres 1,090,000 at 8 P.T. = » 87,201 

Nile Valley : — 

Widening to 60 metres, deepening 2 metres 9,000,000 at 4 P.T. = )• 360,000 

Excess on masonry works » 25,000 

» Land » 1 0.OJO 

L.E. 662,200 
Cmtingencies at 10 7« • 66,220 

L.E. 728,420 

The total cost will theref()re be : — 

Original estimate L.E. 2,013,000 

Addition as ab jve » 728,420 

L.E. 2,741,420 

- 

The quantity which this reservoir would discharge to supplement the Nile or to be 
otherwise utilised per L.E. 1 of expenditure would be ( '^^t^^^ir^"^ ) = ^^ ^^^'^ metres, and 
considered as a reservoir for Lower Egypt being nearer its work a less allowance fjr loss 
between reservoir and tield wjuld have to be allowed. 
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In making thei^efore any comparison between the different Reservoirs schemes, some 
allowance should be made to the advantage of the Wady Rayan on this acc3unt, but making 
the largest reasonable allowance, the cost is so great as to make it not improbable that its 
costliness may cause its rejection in spite of all that can be said in its favour. As regards 
the original project, sketched out by Col. Western in which the feeder canal ran along the 
inner slope of the Fayum, I am decidedly opp:)sed t) such a canal as constituting a great 
danger for the Fayiim and being certain to ruin the strip of land lying bstween the canal 
and the drainage line which runs along the bottom r.f the incline below it. The canal bank 
would have to be formed of a peculiar clay which readily dissolves in water into the most 
unstable description of slush, and which is theref)re quite unsuitable f>r fjrming a bank t> 
retain water. I am decidedly in favour of the alignment which Mr. Willcx^ks has chosen 
along the Bahr Bilama through the depression, the highest point of which is R. L. 54.90. 
His alternative line, which is estimated to cjst slightly m)re, is not, in my opinion, nearly 
such a satisfactory line. 

If the comparison of the different estimates is unfavourable to the Wady Rayan project, The 



IVadi Bayan 
aB a drainag* 



and this, on the objection that it requires so long to fill, condemns it as a project f )r the 

storage reservoir, there remains the question whether it is worth while to connect it with reoeptaou. 

the Nile valley t) provide drainage for Middle Egypt, and for the country as far south as 

Suhag on the west of the river. The area, f)r which it would afford a means of drainage 

from Suhag to Beni Suef, is ab.)ut 1 million feddans. Assuming that the drainage is Va of the 

discharge required for irrigation, the total drainage per annum would be 1,6L5 millions cubic 

metres. The evaporating surface of the Wady Rayan between say R. L. 18 and 22 is ab)ut 

550 millions square metises. Evaporation for the 12 months of the year in Cairo is 2,364 metres. 

In the Wadi Rayan surrounded by desert it would pr.jbably be m)re. If we take it at 2.40 

metres, the yearly evaporation between the levels stated abwe will amount to 1,320 millions 

cubic metres so that the drainage would gain on the evaporation. But it would be many 

years before the Wady Rayan ould fill up to R. L. 23, and, even if it did, the lake could be 

sufficiently lowered in summer by a connection with the Nile, to fit it t) receive all that it 

would be required lo during the next floxl season. During winter and summer drains back 

into the Nile would help. 

If the Wady Rayan were devoted to this purpose, the difficulty of drainage would be solved 
but not the problem of the Fayum supply. If it is made a storage Reservoir, the Bahr Yusif 
will n)t be available for the main drain of the district, and a new main drain parallel to its 
general course along the lowest part of the valley, would have to be dug f)r some distance, 
which would add considerably to the ontingent costs of the Rayan project. 



R. H. Brown, 

Major, 
Inspector General of Irrigation Upper Egypt. 

loth November. 1893. 



— 283 — 



.A^I^IPEDSriDIX: XIII. 



NOTE 



ON THE UTILIZATION OF RESERVOIR WATER 



IN THE 



GIZEH PROVINCE AND THE DELTA, 



By E. W. p. foster, 



Inspector General of Irrigation of Lower Egypt. 
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Letter addressed by W. E. Garstin, Under Secretary of State, P. W. D., on the 
21st October 1893, No. 9103 B' to Mr. E. W. P. Foster, Inspector Greneral 
of Irrigation of Loiver Egfjrpt. 

Sir, 

I have the honour to forward herewith a copy of a portion of Mr. Willcocks' Report upon 
the proposed Reservoir in Upper Egypt. I would ask you kindly to write me a note upon the 
qnestion therein raised, more particularly affecting Lower Egypt ; this note I propose to print 
and add as an appendix to Mr. Willcocks' Report, and I should be greatly obliged by your 
letting me have it, if possible, by the 15th November next, in order to enable me to write my 
own note upon the whole question and submit it to the Egyptian Government by the end of 
the current year. 

The questions upon which I should wish your opinion are : 

1. — The quantity of water required fjr the complete summer Irrigatim of L)wer 
Egypt. 

a) As legards the existing cultivated area. 

b) As regards the area of land p)ssible to reclaim and bring under cultivatim. 

2. — What works would in your opinion be necessary in L )wer Egypt in order to 
enable us to take advantage of the increased supply, supposing a storage reservoir to be 
successfully constructed. 

3. — The approximate ost of such works. 

4. — The increased Revenue to the country obtainable by such increase of supply. 

c) Indirect, as regards the lands at present cultivated, which would be increased in 
value owing to the assured water supply. 

d) Also indirect, as regards land at present under flood Irrigation only, which could be 
brought under summer Irrigation. 

e) Direct, as regards land at present waste and uncultivated owing to deficient water 
supply, which would be rendered culturable and yield a direct return to the State, both from 
the price derived from its sale and from the early taxation to be obtained from it. 

As regards question (* ) I would refer you to Mr. Willcocks' Report, paragraphs 8 to 20. 

The figures therein given by him have, I understand, been arrived at after a close 
consultation with you, and I further understand from him that you and he are at one regarding 
the correctness of the figures given as representing the requirements of Lower Egypt. 

Question 2. 

This is a very big and important question: 

Undoubtedly in order to enable us to make full use of the water obtainable very great 
changes will be necessary in the present system of canals. 

Probably many in the main branches would have to be enlarged, and considerable alte- 
rations made in existing masonry works. 

I would ask you to consider in relation to this question whether it would not, with a 
view to the better irrigation of the low lands to the noith of he Delta, be preferable and in 
the end cheaper, to erect secondary barrages in bDth branches, by which means water might 
be delivered at a high level in existing canals and the expense of heavy alterations in the 
irrigation system where it passes through the rich cultivation and the valuable high land 
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lying further to the south be thus avoided. I myself incline to the construction of these 
secondary barrages both as enabling us to use our water more economically and avoiding 
the very long lines of channel, taking off upstream of the Barrage. 

I would ask you further to consider whether it might not be advisable to construct small 
barrages at Damietta and Rosetta with a view to preventing the influx of the salt water ia 
summer and at the same time enabling the people living along the river banks to make ase 
of the fresh water thus pjnded up. 

Above all, the question of drainage should be taken up. Undoubtedly, if we are going 
to have a permanent increased supply and if we are going to bring fresh land under calli- 
vation, very considerable expenditure must be incurred in this direction and this work 
should, in my opinion, be put in hand simultaneously with the construction of the new 
Reservoir. 

* 

Question 3. 

This is I admit difficult to answer : detailed estimates are out of the question and I da 
not think are at present called for. 

With the maps and levels at your dispjsal.I think, however, you could give me a fairly, 
accurate although approximate estimate of the total expenditure to be incurred. This expen- 
diture will doubtless be spread over a series of years and a portion of it be charged to our 
ordinary budget. 

It is most necessary, in order to place the financial quastion fairly before the Government 
that some idea of the expenditure on the above works be arrived at, as the Reservoir itself 
would bo of little use to us, were the changes in our irrigation system, which would enable 
us to make use of the extra water, n )t carried out. 

Question 4. 

Calls for us special remarks. One last point I would ask you to give your opinion upon. 

Supposing the Wady Rayan depression were to be used as a fl )od escape reservoir (with 
a view to reducing the height of dangerous floods in the Delta) what in your opinion should 
be the minimum discharging capacity of the canal of communication between it and the 
Nile, so as to enable it to effectually reduce the danger caused by the floods above alluded to, 

I have the honour, etc. 

Signed : GARSTIN. 



^ 
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On the utilization of reservoir -water in the Ghizeh Province and the Delta^ 
by E. W. P. Foster, Inspector General of In%ation of Lower "Egypt. 



Introduction. 



The points to be reported on are : — 

1. — Quantity of water required to secure the full irrigation of: 

a. Existing cultivated area. 

b. New lands capable of being reclaimed. 

2. — New works required and modification to existing works necessary to ensure the 

full use of the increased supply. 

3. — Probable cost of new works and modification of old ones. 

4. — Probable financial benefit to the country. 

It need scarcely be remarked that many of the figures are quite approximate but every 
endeavour has been made to have them as correct as possible. 



Question. — Quantity of water required for the complete summer irrigation 

of Lower Egypt, 



1. — WATER SUPPLY. 

Nothing neod be said on what is well known, viz: that the quantity of water needed, 
varies with the season. Roughly speaking, it increases stea'lily from 1st March until the 
30th June, but early in July, the quantity used owing to the irrigation of lands to be prepared 
for dura cultivation, increases enormously. 

Finding that available figures, given by the Finance Ministry, do not quite agree with 
those quoted by Mr. Willcocks, it will be as well to use the former which are the larger. 
C!onclusions arrived at in this report are based thereon. 

Mr. Willcocks gives present cultivated area Feddans 2,740,000 

Probable reclaimable area » 600,000 

Total feddans 3,340,800 

Whereas I find the following are as to be more correct : 

Taxedarea 1892 Feddans 2,614,431 

Groverniiient land paying rent » 93,372 

Conceded lands not paying taxes but partially cultivated, and land 
in Ghizeh north of Barrage » 100,000 

Total feddans 2,807,803 

or in round figures say 2,810,000. 

My experience leads me to believe that the area capable of reclamation exceeds 

600,000 feddans. However I am retaining Mr. Willcocks total of feddans. Feddans 3,340,000 

Of which area at present irrigated » 2,810,000 

Leaving reclaimable Feddans 530,000 
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All lands, b)th those at present callivated and the whole, when expanded by increased 
supply, may be divided into three classes : — 

a) High, sweet, old lands capable of producing dry crops without even oocasional 
washing. I assume these to cover 2,300,000 feddans and to require 9 m^ per feddan per day 
over the whole area, allowing for Va only as under sefl crops. 

b) Low-lying old lands growing dry crops, but occasionally requiring washing which 
is done by periodically planting rice. These lands I take to be 350,000 feddans, nearly half 
of which is under sefi cultivation each year, and requiring an average of 12 m' per feddan 
per day over the whole area. 

c) Reclaimed lands, growing for the most part rice though the higher and sweeter parts 
are occasionally put under cotton, say 160,000 feddans, nearly Vs the whole area is under sefi 
cultivation requiring an average of 25 m^ per feddan per day over the whole area. 

a. As regards the existing cultivated area. 

Applying the above figures, we find that to secure go)d irrigation for existing oultivated 
lands, the following discharges are required. 

I should note that these figures refer to the month of June only. 
Discharges required in March, April and May will be mentioned further on. 

2,300,000 feddans, class (a) at 9 m^ — 20.7 

350,000 feddans, class (b) at 12 m» = 4.2 

160,000 feddans, class (c) at 25 m' = 40 

Total millions m' — 28.9 

Say 29.0 

This discharge would probably ensure ample water for the whole crop. 

h. As regards the area of land possible to reclaim and bring under cultivation. 

Applying the same rule to the expanded area, that is to say the area after the reservoirs 
have been in use a sufficient length of time to allow of the whole 3,340,000 feddans being pat 
under cultivation, we find the following discharges; these are likewise those for the nonth 
of June only. 

2,640,000 feddans, class (a) at 9 m* ^ 24 

400,000 feddans, class (b) at 12 m* -= 4 Vf 

300,000 feddans, class (c) at 25 m' = 7 % 

Total millions m' = 36 

Less water is required in May than in June, both the area requiring irrigation and the heat 
being less« in like manner less is required in April than in May, and less in March than in April. 
The following is roughly the distribution of summer supply. 



MONTH 



March 

April 

May 

June 

Total . . 



FOR PRESENT 
CULTIVATED AREA 



22 

22 
25 
29 



98 



FOR EXPANDED 
CULTIVATED AREA 



25 

25 
30 
36 



116 



inCREASBD SUPPLY 
FOR 
INCREASED AREA 



3 
3 

5 

7 



18 
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Whereas Mr. Willocks' total f<>r these fiiur moDths is 109 millions m> per day, that is 
7 millions leas than showD above. It will however be shown further on that I estimate a 
smaller quantity in Jnly than that provided by Mr. Wilic^cks, this will baianoe portion of 
the excess of 7 miliiona shown abore. 

The discharge for July is examined separately because the area requiring irrigatl^in 
increases enrirmously by preparation of land for dura sowing, which commeDces, Or would 
better be ctmmenced, early in the month. 

The area put under dura is nut accurately known, i>n high lands it must be half, if not 
more, of the total ar«a. In low lands it is no doubt much less. Something less than ■/] the 
vhole area may be assumed. Upwards of 36 m' per day is required. 

The quantities of water necessary will theref ire be; — Biuioirs 

For present area 900,000 feddans at3G m' por feddan par day 32 '/ 

For expanded area l.OOO/KX) feddans at 36 ra^ per feddan per day 36 

This enormous increase, however, is not all necessary on the 1st of the month, a few 
millions extra will be needed in the early days, but the discharge will Jiave to be increased 
sliwly until the maximum is reached by the end of tlie m >nth. 

The total requii-ements at the end of July, viz : fir seti and dura crops will be : 

For present area 29 + 32 '/i millions m^ per day =; Gi '/ 

Fi)r expandftd area 36 + 36 millions m= psr day = 73 

The average tltr<mghDut the mooth may bo taken at : ^— 

For present area millions m' per day 4g 

For expanded area millions m' por day 56 

Whereas Mr. Willcocks allows f >r an average of 50 '/, millions for the expanded area. 

With the help of tliesa Bguit^.i, it will be pissibletn arrive at a fairly accurate idea of tho 
total volume of water, which will have li be st'jre<I in tlie reservoirs ftr the beno6t of the 
Delta. This is Pmnd hy deducting the natural tlischarges of the river, using fjr the purpose 
the discharges of the wurst years, frjm tho discharges given in the rep irt as necessary. 

On page 8 of Ihe repirt Mr. Willcocks gives the am lunt of water n^hich was available 
fur irrigate >n in the two years of 1887 and 1889. 

On pagei6aDd8of this report are givon tlio quantilit'S requiri-'d fir full irrigation of the 
present cultivated area, and of the expaudeti arna, 

TliefdlowiHgstati^ment shown much water the resen-oir will have to st>re to provide 
the required dtcsharges. 



For the present cultivated fu^ea. 



DISCI r ARC KS IS .MILLION M* 



DISCILXROK 

Si:Cl^SS.VRV 

PKK DAY 



DlSCII.VHGli: 

AV.iiLA»L:'; 
IS hivi:r 

INBADYIAUS 
I'KH l>AV 



iukferknce 
uling extra' 

lUSCHARliK 
NKCI-:S3ARV 
PKR DAY 



mcmbi;r 

OP DAYS 
I.N .MONTH 



'OLOME 
TO l!K ST,)RED 

.liSiRVOIR 



March 

April 

May 

June 

July 

Total 



20 
2.1 Vj 

21 'A 
19 'A 



31 

.to 

31 
30 
31 



120 
285 
496 
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Fo^ the expanded area. 



MONTH 



March 

April 

May. 

June 

July 

Total 



DISCHARGES IN MILLIONS M^ 



DISCHARGE 

NECESSARY 

PER DAY 



25 
25 

30 
36 
56 



DISCHARGE 

AVAILABLE 

IN RIVER 

IN BAD YKARS 

PKR DAY 



26 
23 V4 

21V, 
19% 

32 



DIFFERENCE 

BIJING EXTRA 

DISCHARGE 

NECESSARY 

PER DAY 



• • 



IV4 

16% 
24 



NUMBER 

OF DAYS 

IN MONTH 



31 

30 
31 
30 
31 



VOLUME 

TO BE STORBD 

IN RBSBRYOm 



38 

275 
495 
744 



1552 



The above tables show that for the present cultivated area, 90 millions m^ would have to 
be stored in the reservoir to ensure the discharges, shown in this report as necessary. 

For the expanded area 1552 millions m' would be necessary, whereas Mr. Willcocks, on 
page 9 of his rep<)rt, puts down the quantity at 1500 millions. The diflTerence therefore between 
his and my figures is 52 millions, which is only 3 */« P- c* niy estimate beinc^ the larger. 

Before passing of to an exammatLm of works necessary, it will be onvenient to explain 
how the areas and discharges are divided between the different groups of provinces. 

The following figures for taxed and Government rented areas have been taken from 
the annual repjrt for 1892, and I have made an allowance for conceded lands not paj^ing 
taxes, but which are cultivated. 



CIRCLE 



PROVINCE 



Qalioubieh 

First... j Sharkieh 

Dakahlieh 

Menoufieh 

Gharbieh 

Behera 

Ghiseh 

Total 



Second. 



Third.. 



AREA IN FEDDANS 



PAYING TAX 



187,143 
451,340 
443,128 
349,528 

a]7,5ai 

515,731 
15,000 



2,619,431 



(iOVERNME.NT 
LAND RENTED 



1,541 
7,947 
5,098 

72,541 
4,023 



• • 



93,372 






CONCEDED 

NOT PAYING 

TAX 



• . 



15,000 
10,000 

. • 

45,000 
25,000 



95,000 



TOTAL 



188,084 
474,287 
458,226 
351,750 
785,102 
544,754 
15,000 



2,807,803 



TOTAL 

FOR BACH 

CIRCLE 



1,121,197 



1,136,852 



549.754 



2,807,803 
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The expanded area may be taken as follows : 



QRCLB 



PROVINCE 



AREA IN FEDDANS 



AS ABOVE 



Qalioabieh 
First... < Sharkieh .. 
Dakahlieh . 
Menoufleh. 
Gharbieh.. 
Behera..., 



Second. 



Third.. 



Ghiseh 



Total. 



188.684 
474,287 
458,226 
351,750 
785,102 
544,754 
5,000 



TO BE 
RECLAIMED 



2,807,803 



102,00(^ 
50,000 
. . • 
275,000 
100,000 
• 5.197 



TOTAL AREA 



532,197 



188,684 
576,287 
508,226 
351,750 
1,080,102 
644,754 
10,197 



TOTAL 

FOR EACH 

CIRCLE 



1,273,197 



1,411,882 



6?4,951 



3,340,000 



3,340,000 



Although not strictly correct, the distribution of water may be considered as directly 
proportionate to the area. 

June's supply will thus be divided : 



CIRCLE 


DISCHARGE 
IN UILLION M' per DAY 


PRESKNT 
AREA 


EXPANDED 
AREA 


1st 

2nd 

3rd 


11 % 
11 Vi 

5 7. 


13 V4 . 
15 V4 

7 


Total 


29 


36 



However owing to the comparatively large area of Bararis in the Behera Province, the 
quantity of water apportioned to the 3rd Circle should be somewhat greater than shown abov«. 

July's supply will be divided in the same proportion. The maximum discharge, namely 
that to be provided by the end of the month, only is taken into consideration. 



CIRCLE 


DISCHARGE 
IN MILLION M* PER DAY 


PRESENT 
AREA 


EXPANDED 
AHBA 


1st 

2nd 

3rd 


24% 

25 

12 


27 V, 
30 V, ' 
14 


Total. . . . 


61V, 


72 



Having estimated the distribution of water between the three sections of the Delta, I will 
pass on to an examination of the means to be employed in utilising it. 

* These 5,197 feddans in Ghiseh arc not reclaimable lands, but those at present under basin system or 
dependent on the Nile direct. 
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Question. — What works would in your opinion be necessary in Loioer Egypt in 
order to enable us to take advantage of the increased supply supposing a storage 
reservoir to be succes^ully constructed. 



2. — WORKS NECESSARY TO ENSURE FULL USE OF WATER SUPPLY. 

Drainage being just as important as irrigation, it would be fata! to ttie welfare of the 
country to give a large increase of irrigation water without providing means of drainage. 
Indeed much, if not all, of the new low lying lands for which water is to be provided, could 
not be rendered fit for cultivation, without first providing means of drainage. 
There are in consequence two classes of works to be considered : 

a) Irrigation, or those necessary to carry water from the river to the lands. 

b) Drainage, or those works necessary to carry off water, after it has done its duty. 

a. Irrigation works. 

_ • 

Both the Barrage and the main canals, would in their present state, carry the discharges 
shewn in the early part of this report as necessary to provide ample sefi supply for the area 
at present requiring irrigation. It is only the July supply, required for the preparation of 
dura lands, which is beyond the carrying capacity of canals. However those branches which 
conduct water int) the Bararis would have to be enlarged and extended. 

It seems hardly worth while discussing the means of disposing of the July supply for 
onl>' the existing cultivated area. It would scarcely pay to provide even one new Barrage, 
or to enlarge any one of the main canals, merely to permit of the present area of dura crop 
being planted early in July. 

Under these circumstances no estimate will be made of the cost of new works and modi- 
fication to old onrs, with the object of disposing (»f what extra water would be provided, for an 
area limited to that at present cultivated. 

I theref )re pass on at once to astudy of what would be necessary todisposeof the volumes 
of water, necessary- to prwide for the irrigation of the expanded area. 

The first and most imp)rt:mt questi )n to be c )nsidered is how water is to be taken from 
the river, that is to say, how it is to be got into the canals. 
There ar(i four ways : 

1. By strengthening the Barrage so that it might hold up water to a greater height than 
at present, in order, that by the canals flowing deeper, the increased discharge would be 
<;arried off. 

2. By enlarging canals so as to carry off the increased supply without increasing the 
df'pth of water ab)ve the Barrage. 

'K By constructing new Barrages at c )nvenient points in the two branches of the river, 
leaving the old Barrage and main canals taking out above it unaltered. 

4. By a combination of tw«), or more, of the foreg<)ing alternatives. 
Each alternative will be examined in turn. 

1. To render the present Barrage sufficiently strong to hold up the required height so 
that '-xinting canals would carry off the extra volume to be supplied, it would be undoubtedly 
m?'j''.H^'irv t; construct another weir downstream, which, by holding up a certain depth of 
w;iter. would reduce the pressure on the old Wt)rk. 

Thi"* arrang'^ncnt would probably ost as much as entirely new Barrages further down 
th'? two branches, and since it is much b:^tter not to meddle with the old work, 1 think this 
^jtijrnative should be rejected. 

The ol/I Barrage do(;s gwd work, therefore let well alone. 
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2. To enlarge caoals sufficiently to carry off the increased supply at the present maxi- 
mum height (R.L. 14) to wliioh the old Barrage can hold up water, would entail,, ngt only an 
•normoiis expenditure in earth and masjorv works, hul would involve the occupation of 
large areas of the most valuable land uf the Delta. The lat'er reason aLtne condemns this 
alternative, however, for reasons given further on it canni>t he altogether rejected. 

3. New Barrages. This alternative is undjubtodly the in>st satisfactory. It is a great 
advantage to have the source of supply near the land f jr whfch water is requirpd. 

Although no water is allowed to |K1ss the old Barrage in bad yeai-s like 1892, a 
considerable quantity nevertheless is found to be flowing djwn the branches of the river at 
Kafr Zayat and Mit Gfiamr. Tliis water conies of leakage from the sides of tlie river, and it 
i» known, that at the places abive mentioned, the daily quantity must have Iwen 3 to 4 mil- 
lions in I89i. New Barrages would allDW of this water baiug used ftr irrigation. Four 
millions ra' per day will save lOO.lJOO feddans of rice at the mist critical time. 

Tiie area of land which would iiave to be taken up fir channels t > put the new Barrages 
in connection with existing canals would 1)6 trifling. 

The cost of a Barrage in the Rosetta branch liowevor would be very great, owing t > its 
great length and depth of river bed below normal water surface. This is not the case with a 
Barrage in the Damietta branch, where the difference in level between the bed of the river 
and the adjoining ground, is much less than in the Rosetta Itranch. 

It is difficult, indeed impossible, to give a defluite verdict f jr, or against, a Barrage iu the 
Rosetta branch without a more extended and closer study than I have a:^ yet made. 

There are sj many points in favour of a Barrage, (especially gain in supply liy 
interceptinginflltratiou which, otherwise, wouldflowuuttuthe sea), that I will give alternative 
proposals, one providing for twvi Barrages, and the other a combination ofNos. ;3 and 3 a^ 
described below. 

4. riie combination mentioned above is fv>r (a) barrage iu the Damietta branch in the 
neighbourhood of Mit Ghanir, which will ensure the water supply of nearly the whole of the 
Dakahlieh province and of the whole eastern half of theGharbieh province north of Samanoad; 
and (b) increasing the supply of the Bagurioh canal to in.siire the irrigation of the western 
half of Gharbieh, and the enlarging the Rayah Bsiiera and its &mtinuation, the Khatatbah 
canal, for the irrigation of tlu' Behera province. 

Other barrages near the neA to keep out salt water wuuld not be worth the money 
they would cost. It would be far m>re convenient to enlarge the sahil canals and turn all 
pumps, at present drawing from the Nile, on to them. I am of opinion it is better not to take 
them inti consideration. 

A few words are necessary to show what pjrtion of the tital increased discharge can 
be dispiised of by .he Birrage and existing main canals taking their supply from abive it. 

Together those canals would carry 35 millions m' pt^r day with tln^ barrage at l-l.UU. 
Whereas the full June supply fir the expanded area is 30 millions. Ni'itlier the Rayah Behera 
nor the Rayah Menoulieh arc sufficiently targe to carry the discharges allotted to them 
«»n page 9 whereas the 1st Circle's canals would carry more than the share allotted to that 
Circle. 

C »nsequently effective use of these canals with the Barrage at R. L. 14.00 is equal to 
from 30 to 35 millioas m' a daj-. Whereas 36 millions in June and 73 in July have to be 
disp jsed of. It follows then that new provision has to be made for disp King of the maximum 
quantity, viz: 72 — 30=42 millions. 

Therefire, theoretically, from the month iif May water would, of necessity, have to bo 
passed f irward. In practice, however, this wouM be the case all through the sefi season so as 
to maintain the pools above the new barrages at the required height. 

1 will now give in as few wonls as possible the works which will have to be constructed 
and those existing which will require moditication, dealing with each alternative separately. 
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Tviro Barrages. 

(a) Damietta Branch. 

The best position for the Barrage appears tj be a sh )rt way nirth of Zifta and Mit Ghamr. 
It would hold up water to a height of fr.)m 3 7i t*> 4 metres, and supply the Buhiya, Um Su* 
lima and Mans )urieh canals and their branches, which together irrigate nearly the whole 
of the Dakahlieh Province on the eastern side of the river ; and by means of a short canal 
j )ining the river with the Sahil canal in Gharbitdi, give that imp >rtant artery a full suppljr. 
The Bahr Shibin, below Rahbin, would b^ put in communication with the Barrage by a 
short channel from the Sahil canal near Samanud. 

Thus Dakahlieh Province on the east, and the north eastern portii)n of Gharbieh on tha 
west, would be supplied with water fr )m th». new Barrage. The canal ab)ve mentioned in 
Dakahlieh and the Sahil in Gharbieh w<)uld have to be enlarged and several new branches 
made, to provide water for the large expanse of reclaimable land in bjth these Provinces. 

(6) Rosetta Branch. 

The p »sitiou of a new Ikirrage in this branch is far m)ie difficult to determine. If placed 
high up the branch, that is t) say south of Kafr Zayat, it would have to raise the water surface 
upwards oiG nu^tres to be of any use for the Behera Pi'ovince the level of which is very high 
as cnnpared with the river bed. And even with this great heatl on the Barrage, waler would 
have to be carried in l(mg canals which wouhl have to be dug parallel to the Khatatbah canal 
in order to gain sufficient level. 

If the Barrage is placed where a head of 3 to 4 metres would ommand the ouutrya 
c »mparalively small area would be irrigated. 

The neigbourhoxl of Qudrlaba, which is 145 kilometres north of the old Barrage and 
23 kilometres north of Kafr Zayat, appears to be the most suitable spot, but even here the 
water surface would have to be raised 5 metres to give the same level as that n >w had in 
the canals on b )th sides of the river (*). 

A verv short channel on each side wjuld put the Quddaba canal and the lower reaches 
of the Bagurieh in Gharbioh and the Khilatbeh in Behera in communication with the Nile. 

The whole of the north western districts of Gharbifch and the Mahmudieh with its many 
branches in Behera w )uld be supplied with water from this Barrage. Several canals, m>re 
especially the Quddaba and Sahil Markaz, would have to beenlarged and several new branches 
taking out of the first mentione<l canal constructed to lead water to the extensive areas which^ 
with irrigation and drainage, w mid be rendererl fit f )r cultivation. 

A lock would be necessary in each c)f the two barrages for river navigation (*). 

So much for the scheme with two barrages. 

The other altiM^native referred to above is f )r : — 

One bdcrrdige in the Damietta Bragnch. 

The barrage would, as in the first <lescribed case, be placed near Mit Ghamr, and the same 
<^nals in Dakahlieh supplied by it. But in Gharbieh a channel would connect up the Baht 
Shibin at Santa, thus adding a larger area in the njrth east of this Province than that 
provided f >r in the other project. 

There would be no barrage in the Rosetta brancli> and the 2 to 3 millions per day of 
infiltration water w.)uld be lost for irrigation. 

In order to provide f )r the north western districts of Gharbieh a larger supply would 
have to be passed down the Bagourieh. 

(1) This liond is loo great, the site must bo plnced further down slronm, sco note further on. 

(2; Since \vriUn«:the foregoing, I hnve so fiir modified my idens, as to consider llnU if i\ hurrage is made 
jinywhei'c in the Hoselta branch, it must be far down where the iiead may be hmited to 4 metres. A lock 
will in this latter case be saved. 
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The Quddaba canal would still have to be enlarged and several new branches made as 
described for the alternative scheme with two Barrages. 

The Behera Province would be entirely depended on the old Barrage, and water would 
have to be carried the whole length of the Rayah Behera and Khatatbeh canals, both of 
which would have to be enlarged as well as the Sahil Marqos. Enlarging and extending 
other canals will be the same as f )r the first alternative. 

This ends the description of the second alternative. The rough estimated cost of the two 
will be givpn further on. 

No mention has yet been made of the Sharkieh Province which has greater capabilities 
of expansion than the Dakahlieh Province. This Province however is quite independent of the 
proposed Mit Ghamr Barrage, and therefore the following details remains the same for both 
of the above mentioned alternatives. It derives its supply of water from the Ismailieh, 
Sharkawieh and Bahr Mues, \yhich latter is a branch of the Rayah Tewfiki. All these canals 
take out of the Nile from above the old Barrage. By i mproving the Ismailieh and Sharkawieh, 
and their branches, and also these of the Bahr Mues, and by making new canals water will 
be carried to the large areas of reclaimable lands in the extreme north of the Province, 

Both in the Gharbieh and Behera provinces several canals which derive their water 
supply from the old Barrage will require modification. 
The most important are : 

In Gharbieh. — At the tail of the Qasid canal are large expanses of reclaimable land; 
this canal and several of its branches would have to be enlarged and new branches made. 
This is referred to in estimate as cential Gharbieh. 

In Behera. — The Nubarieh would be enlarged and extended and new branches constructed 
to irrigate the reclaimable lands on the borders of Mareotis. This is referred to in the estimate 
as Behera south. 

The two provinces of Qalioubieh and Menoufieh are at present cultivated to the full 
extent of their area. A better supply of water in the river could scarcely increase the area 
of sefi cultivation though it might ensure a plentiful supply of water used in irrigation. 

' ' • • • 

b. Drainage 'works. 

To describe the many works in connection with drainage would lake too long. 

It will suffice to say that in the four northern provinces of Sharkieh, Dakahlieh, Gharbieh 
and Behera, old drains will have to be enlarged and extended northward through reclaimable 
lands and southward into higher lands which, owing to more plentiful irrigation will need 
better drainage. Some new main drains and many new branches will have to be constructed* 

The Mex pumps near Alexandria which under present circumstances merely limit the 
rise of Lake Mareotis will have to be increased in power, and large ci^llecting drains carried 
through the middle of the lake. 

Question. The approximate cost of works 'i 



3. —COST. 



It is scarcely necessary to mention that the following is a very rough estimate of what 
the afore mentioned works will ost. To give accurate figures, extensive details, which are 
not forthcoming, would be necessary. 

1. Irrigation -works. 

To provide for the disposal of whatever increase in the volume of water that may be had 
for existing cultivated area, omitting the large July supply, little is necessary which could 
not be done from ordinary annual allotments. The following estimate therefore refers only 
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to those works required to take advantage to the supply which it is calculated will permit of 
large extension in the cultivated area. 

First alternative, viz : two new barrages. 

The Dainietta branch barrage will be about 400 metres long and will hold up a maximum 
of 4 metres, together with one lock and new head works for canals, may be put down 

as likely to cost L. E. 400,000 

The Rosetti branch barrages will be at least 600 metres long and will 
have to hold up 4 metres of water, together with one lock and head works, 

will probably cost not less than » 700,000 

Enlarging and improving canals in Dakahliyeh province. • • » 70,000 

Gharbieh province, east » 71,000 

» » west • • • • • » 30,000 

» » central » 26,000 

Behera provinc3, north » 33,000 

» 9 south » 40,000 

Sharkieh province » 70,000 

Qaliv>ubieh and Menoufieh » 75,000 

Total L. E. 1,515,000 

Sec*)nd alternative, viz: one barrage and enlarging certain main canals. 

Damietta branch barrage as bef )re L. E. 400,000 

Enlarging and improving canals in Dakahlieh province as bef >re » 70,000 

Gharbieh province east » 81.000 

D » west » 115,000 

» » central » 26,000 

Behera province » 400,000 

Shai kieh province » 7O,ft30 

Qalioubieh and Menoufieh » 75,000 

Total L. E. l,237,tX)0 



The two alternative projects compare as follows : — 

1. For two new Barrages one on each Branch L. E. 1,515,000. 

2. For one new Barrage and enlarging certain canals L. E. 1,237,000. 

The former has the advantage of utilising infiltration water of the Rosetta Branch which 
is upwards of 2 V^ niilliuns cubic metres per day which will irrigate 40,000 feddans office 
which maybe valued at L.E. 100,000, and assuming that only onje in five years this extra 
supply will be oi any important use, that is to say, that four years out of five the oidinary 
supply would suffice foi the area without the help of infiltration water, the annual benefit 
would be L. E. 20,000. This capitalized at 4 per cent amounts to L. E. 500,00<J which is 
more than the extra cost of the first alternative project of two Barrages. 



Drainage. 

To complete the drainage of existing cultivated lands, the following is approximately the 
cost. These figures are based on estimates submitted hy the Inspectors : 

Eastern Provinces L. E, 125,000 

Gharbieh Province » 85,000 

Behera Province » 60,000 

Total L. E. 270,0(» 
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For the expanded area the above estimate must be increased by the cost of prolonging 
existing drains north and south, and for new drains. 
The figures include the amounts given above : 

Eastern Provinces L. E. 200,000 

Gharbieh Province » 150,000 

Behera Province » 120,000 



Total L. E. 470 000 



The amount allotted to Behera includes the cost of enlarging the Mex Pumps. 
L. E. 200,000 will therefore be necessary to provide for the drainage of new reclaimable 
lands. 

The following is an abstract of the cost of the different estimates detailed above. 

A. — Cost of providing ample irrigation and drainage for existing cultivated area. 

' I. Irrigation works. This as stated above is not estimated since most of what is necessary 
could be done from ordinary allotments. 
II. Drainage, L. E. 270,000. 

B. — Cost of providing ample irrigation and drainage for reclaimable lands in addition 
to existing cultivated area. 

1. Alternative, viz : two Barrages. 

I. Irrigation works L. E. 1,515,000 

II. Drainage works . . . • ; » 470,000 

Total L. E. 1,985,000 

2. Alternative, viz : one Barrage and enlarging certain canals. 

I. Irrigation works L. E. 1,237,000 

II. Drainage works » 470.000 

Total L. E. 1,707,000 

I 

Ghiseh Province. 

These notes thus far have had reference only to the Delta Provinces, that is to say, to the 
Provinces situated north of Cairo. 

Major Brown, Inspector General of Upper Egypt, has reported on Upper and Middle 
Egypt Provinces, that is to say, as far north as the northern boundary of Beni Suef. Between 
the last mentioned Province and the Delta lies the Province of Ghiseh which forms part of 
Middle Egypt though it is for convenience attached to the Inspector Generalship of Lower 
Egypt. 

This Province, like those in Upper Egypt, is irrigated only once a year during the flood 
season. It is not as well of as Middle Egypt which has a summer supply from the Ibrahimiyeh 
Canal. There is however a certain area, on which summer crops are grown, irrigation being 
done by steam pumps erectel on the river bank, and from wells of which there are numbers 
opposite Cairo. 

The Province contains 188,(X)0 feddans of which 36,000 are situated on the east of the 
river. 

A long stretch of desert hills at the foot of which the Nile flows cuts off Eastern Ghiseh 
jfirom the cultivated lands of Beni Suef. These 36,000 feddans cannot therefore be connected 
with any of the systems of canals coming from the south. 

Of the remaining 152,000 feddans, all of which are on the west of the river stretching 
from the boundaries of Iteni Suef to those of Behera atKhatatbeh which is more than 40 kilo- 
metres north of the Barrage, the most northern 10,000 have been included in the notes on the 
Delta. These 10,000 feddans will be irrigated from the Rayah Behera which is a Delta canal. 
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There is practically no room for expansion in Ghiseh. It is possible the desert Yallej 
between the Rayah Behera and the desert hills may in course of years become (it for cultiva- 
tion. This area, however, is included in the 10,000 feddans above mentioned as forming part 
of the Delta. 

As the existence of the Rayah Behera depends on this valley being flooded every year 
(when once rendered fit for cultivation flooling will no longer be necessary), canals must 
be so designed as to carry sufficient water for this purpose. 

There are therefore 3G,000 feddans on the east and 142,000 on the west to be considered. 

Quantity of vrater necessary. 

The whole Province will be capable of growing dry crops such as cotton and sugar cane, 
in the summer. Assuming a three-yearly rotation, only V3 the area will be under crop at the 
same time ; 8 m' per feddan per day over the whole area will doubtles be sufficient. 

The total area of 178,000 feddans will therefore require 1,424,000 m^ per day, 288,000 ra' 
for the east and 1,136,00) m^ for the west. 

2. Works necessary. 

These will be, as in the Delta, of two kinds : irrigation and drainage. 
Irrigation works. 

On the east. 

The surface of water in the river in summer falls so low as compared with the land that 
artificial means are necessary to raise it. 

A barrage for s>) small an area is out of the question and, as mentioned above, a canal 
cannot be made connecting this area with the eastern districts of Beni-Suef. 

The only means left theref >re are steam pumps. These would be erected at the extreme 
south. A canal exists extending the whole length of the Province. Branches also exist; these 
with slight modifications woulJ be suitable. 

On the west. 

Major Brown brings down the Middle Egypt canals system to the borders of Beni-Suef. 

The sime system will be carried on into Ghiseh. The existing Ghiseh canal would be 
utilized as the main artery, but it would require enlarging and extending southward 10 the 
boundary of Beni-Suef and northward to meet the Zumur canal, which latter canal would 
have to be improved. 

Branches would distribute water on both sides. 

Drainage works. 

On the east. 

Very little in this direction would be necessary. The width of cultivated land is sd small 
and the Nile so deep, that there would always be good subsoil drainage. Nevertheless drainage 
would be necessary on the eastern side of the central canal. 

On the west. 

What is now the basin canal might be found suitable for a drain. This canal extends the 
whole length of the Province. It would doubtless have to be deepened and some branches 
constructed. Syphons to pass it under branch canals will also be necessary. Or it may be 
found better to dig an entirely new drain along the western extremity of valley close to the 
desert hills where the level of the ground is in general lowest. 
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3. Cost of vrorks. 

Irrioation. 

On the east. — Pumps suitable for the high lift will probably cost L.E. 35,000 

Canals » 10,000 

L.E. 35,000 

On the west. — Canals and Branches » 70,000 

Total L.E. 115^000 

. Drainage. 

Ontheeast L.E. 10,000 

On the west » 50,000 

Total L.E. 60,000 

Abstract. 

Irrigation works L.E. 115,000 

Drainage works » 50,000 

Total L.E. 165,000 

General abstract of cost for the Lower Egypt Inspector Generalship. 

The Delta L.E. 1,707,000 

Ghiseh » 165,000 

Total L.E. 1,872,000 



Question. — The increased r^evenue to the country obtainable by such increase of supply. 
Indirect as regards the lands at present cultivated, which would be increased in 

value owing to the assured water supply. 
Also indirect as reganis land at present under flood irrigation only^ which would 

be brought under summer irrigation. 
Direct as regards lands at present waste and uncultivated owing to dejlcient 

water supply^ which tcould be /rendered culturable and yield a direct return 

to tlie State ^ both from the price derived from its sale and from the yearly tax 

above to be obtained from it. 



4. — FINANCIAL RESULTS, 



The points to be considered are as follows : — 

(a) Increase in the outturn of the crop on existing cultivated lands and consequent 
increase in value of the land itself. 

(b) Increase in production of lands at present under flood irrigation and therefore giving 
only one crop per annum by the supply of summer water permitting of the cultivation of 
sammer as well as flood crops, and the increase of the value of th^ land itself. 

(c) Direct increa^se in revenue to the State by taxation of waste lands which would be 
rendered capable of cultivation by providing water for irrigation. Also the revenue derived 
Jby the sale of these lands. 

It will be more convenient to separate Ghiseh, which really forms part of Middle Egypt 
from the Delta. I will therefore deal with each separately. 
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Ghiseh Province. 

The whole of this province is at present nominally under basin irrigation producing a 
single crop. In reality, however, cotton is cultivated in ohosbas» or protected patches of 
land, and the area grown is annually increasing. It is inadvisable to calculate on any increase 
in direct taxation of land. The direct benefit to the proprietor will however be considerable. 

It is not over estimating t) take the summer crop as worth an average of L.E. 10 per 
feddan. 60,000 feddans will be under crop the value of which will be L.E. 600,000. 

From this must be deducted the value summer crops cultivated under existing 
conditions, say 5,000 feddans and assuming the same value per feddan, viz : L.E. 10, we have 
L.E. 50,000. 

This leaves a net profit of L.E. 550,000. 

In addition to this the area planted with durah will largely increase and the outturn 
will be greater than at present. 

This increase will amount t) upwards of L.E. 150,000. 

An extra cutting will be had from Borsim, but against this benefit, there is a decrease in 
area and quality of winter crops. 

The total benefit accrueing to the province will therefore be L.E. 700,000. 

The Delta. 

There are many localities in high sweet lands where the summer supply is very precarious, 
indeed in some summer crops are unknown. These, with the reservoirs, will produce their 
share of cotton. Probably the total area does not exceed 30,000 feddans; nevertheless taxes 
are paid on them as for other land more fortunately situated in respect to summer supply. 
Assuming one third as growing cotton which produces 5 to 7 kantars and sells at L.E. 2 Vi 
per kantar, the crop will be worth L.E. 130,000. 

The lower zone, viz : that between the old sweet and rice lands will benefit largely. 
Cotton often suffers at the northern extremity of this zone. The value of the increased area 
of crop may roughly be taken at L.E. 250,000. 

Furthermore what is now simply rice growing land will more rapidly, vith a more 
certain supply of water than at present, be sweetened sufficiently to produce cotton. 

On pages 5 and 6 I calculated that dry crop growing area will increase from 2,650,000 
to 3,040,000 feddans, the diff*erence boing 390,000 feddans. 

Assuming that one half will be annually put under sefi which may be taken at L.E. 5 
per feddan, the value of the outturn will be L.E. 075 000. 

Next, there is the value of rice which will be grown on the 300,000 feddans of rice lands 
mentioned on page 6. Deducting from this the 160,0(K) feddans taken as producing rice at 
the present time, we have a net increase of 140,i)00 feddans. 

Assuming two thirds as under crop every year and valuing it at L.E. 5 per feddan the 
total increase will be L.E. 500,000. 

The insurance to the 160,000 by a certain supply may be estimated at L.E. 1 per feddan 
or L.E. 160,0(W on the whole area. 

The total increase in value of rice crop will therefore be L.E. 660,000. 

The area of winter crops will also be greater. What are now rice lands will in course 
of time produce cereals and Bei'sim. 

It will not be overestimating to assume an increase of 265,000 feddans of crops valued 
at L.E. 3 per feddan ; this gives a total value of L.E. 795,0(X). 

Lastly there is the dura crop. The extent to which the area at present cultivated will 
benefit is difficult to estimate. 

The 900,000 feddans mentioned on page 8 may safely be assumed to bring in an increased 
outturn valued at P.E. 20 per feddan ; the total extra value being L.E. 180,000. 
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The 100,000 feddaas of new dura (page 7) w.)uld acouut for L. E. 300,0f 0. 
Thus the increase in the value of dura may be estimated at L.E. 480,000. 

The foregoing figures give the gross additional wealth to the Delta as follows : 

O)ttononhigh lands L.E. 130,000 

G)tton on the lower z mo » 250,000 

Sefl on lands n )t at present producing this crop » 975,000 

Rice »> 660,000 

Winter crops » 795,000 

Dura » 480,000 

ToTAi L.E. 3,290,000 

or saj in round figures 3 V4 millions p)unds per annum. 

Government will benefit by an increase in direct taxation. 

The whole 530,000 feddans of reclaimable iand (p'lge 5) will in course of time pay land 
tax. P.E. 50 per feddan is probably not to ) high a figure. This gives a revenue of L.E. 205,000 
per annum. 

There are also lands which, as before stated, will, with a more certain water supply, 
produce more valuable cri)ps. The tax on these will increase in pr op »rtion to the benefit 
accrueing to them by better water supply. This may be assumed at L.E. 35,000. 

The total increase in direct revenue from land may be taken at L.E. 300,000 per annum. 

Of the reclaimable area of 530,0(X) feddans (page 5), a certain p )rti m is already private 
property ; the greater portion however belongs to the State. 

Some of these lands will produce fair crops as s )on as irrigati()n and drainage are prv)vided 
and they should bring in cash. Others are very salt and will require a onsiderable outlay 
before they will be fit for cultivation. I do not think it will be wise to calculate on more than 
L.E. 200,000 for the sale of these lands. 



THE WADY RAYAN AS AN ESCAPE. 



A height of 24 pics on the Roda gauge at Cairo would be a very convenient maximum to 
fix for the fiood rise. The Dt^lta would be preserved from th«> worst forms of infiltration, 
and in consequence a much smaller destruction of cr.>p ; guarding hmks woufd be rendered 
fitr more easy and less costly. 

Assuming the floods of 1874 & 1878 as th )se which produced the maximum rise at Cairo, 
the Wady Rayan Canal would have to discharge, 185 millions cubic metres per day in order 
to insure the rise at Cairo never exceeding 24 pics. 

A discharge of 100 milli )ns cubic metres per day taken out of the river would limit the 
maximum rise to ab^ut '24 pics 10 kirats which would however be a dangerously high level. 

Edward W. P. FOSTER, 
Inspector General, Lower Egypt. 

Cairo, 29th November, 1893. 
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Cairo, 15th December, 1893. 



SfR, 



You have reminded me of the conversation we had last May on the subject of the proposed 
►^ady Rayan reservoir, and of the possibility of its becoming brackish. I now have the 
3nour to present you with my report on this important question. The report of necessity 
»ls only with rough approximations. 



I have, etc., etc., etc. 



G. SGHWEINFURTH. 



To 



\V. E. Garstin, 



Under Secretary of State, 
Public Works Department, Cairo. 
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ON THE S4LTC) IN THE WADY RAYAN RESERVOIR 

By G. SCIIWEINFURTH. 



An exact valuatba of the amount of salt which will bo contained in this reservoir, 
>vhen the water has risen to a height of 27 metres above the Mediterranean, cannot be made, 
owing to the absence of information on some of the following p)ints : — 

1. The percentage of salt in the soil of the Reservoir bed. Data wanting, 

2. The thickness of the salty strata of the bed permeable to water. 

3. Mean specific gravity of the desert soil of the reservoir and the feeder canal. 

4. The time of filling. 

5. The dimensions of the canal and the area of the lands flooded by the canal. 

6. The percentage of salt in the desert soil traversed by the canal, and the extent of the 

inundation. 

7. The thickness of the strata permeable to water in the bed and sides of the canal. 

8. The percentage of salt in the Nile deposits traversed by the canal in the Nile valley. 

9. The thickness of the strata permeable to water in this last canal. 

10. The mean specific gravity of the Nile deposits traversed by the canal. 

11. The volume of subsoil water which will enter the canal by infiltration and the 

percentage of salt in it. 

T > find an approximate value we can however substitute f )r the exact data, approximate 
ones, based on observed facts and obtained tentatively. 

Numbers 4 and 5 are of the greatest importance in your present inquiry. I shall show 
furlher on that if the filling lasts 7 years, it will in no way a)ni promise either the Nile or the 
cultivation, but if the filling is slow the water of the reservoir will be unfit for irrigation. 

Once salt is contained in the water of the reservoir, there it will remain for ever unless Agricultural 
there is outflow. This is a fundamental truth in Egyptian agriculture, which is nothing * **"**' 
but a continued fight against salt. If there is no outflow, the constant entry of Nile water 
can in n) way remedy this state of affairs, and the salt will accumulate owing to evaporation 
all the years that the reservoir is being filled. 

Salt (chlorure of sodium) undergoes no chemical transformati m in contact with Nile s*** 
"water, or with any of the substances the water contains in suspension or solution. One 
other peculiarity of the salt is the invariableness of its degreo of solubility under different 
temperatures. 

To obtain the percentage and specific gravity of the salts containel in the desert soils in Barth 
the reservoir a special inquiry should be instituted. specimana 

A larffe and varied number of specimens should be analysed chemically to find the ehouid 

° be aoalyaaiU 

mean quantity of the salt. 

([) By " soli" I always mean '•Chlorui'c of Sodium ". 
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The surface of the Wady Rayan, as compared to other parts of the desert, ajntaiosa 
large quantity of salt because the rain fall finds no escape fnira the depression, and concen- 
trates there the salt of the adjacent lands. The efflorescence als% which is always more 
active where the ground is alternatively wet and dry, tends to augment the quantity of salt 
at the b)ttoms of depressions which have no outlet. During my visit in 1884 I myself ssv 
quantities of salt at the surface of the ground in the Wady Rayan. There is a single spring 
of sweet water, but it becomes brackish after fi >wing a short distance and gives birth to 
scarcely any vegetation. 

Limits In Egypt it has been found by observation thai certain wild and cultivated plants can 

^^'^'uT**^" support 2 per cent of salt in the soil, provided that the latter is perpetually humid. Unler 

uaittd unds. theso ojuditions of perpetual humidity the salt may rise to 4 per cent before rendering the 

soil abs^ilutely sterile. On the &)ntrary a soil which is alternately wet and dry is rendered 

sterile by one per cent of salt. 

Alurost all the desert soils of the tertiary formation in the interior of Egypt are naturally 
uncultivable without wnshing and draining. It is f>r the same reas)n that they are 
generally dev<»id of wild plants. 

Natural The high limestone plateaus of the eastern desert above 1,000 metres in height, the 

in ^^d^rt Mediterranean littoral, and the beds of all torrents are an exceptim. These lands have 

lost the salt which is c )ntained in all limestone strata in clay strata, and on the desert plains. 
The more abundant winter rains in the two first instances, and in the case of the third, the 
concentrated drainage of the rare falls of rain, have produced this result. 

In acordance with these facts, one may roughly estimate, without fear of exaggeration, 
the maximum quantity salt in the desert sOil as 2 per cent. I shall use this figure in my 
inthm calculati>ns and I am onfident it will never be surpassed by the result of the analysis 

•**^- proposed by me. 

The thickness of the stratum accessible to the dissolving acticm of the "water maybe 
taken as 20 centimetres at the bottom of the Wady Rayan ; and as 50 centimetres for the bed 
and sides of the canal, and the inundated lands which will be more thoroughly washed and 
undermined by the waves. 

One can distinguish 3 categories of desert s )ils of tertiary origin as far as their permea- 
^ bility is concerned; and also as to the ease with which the salt they contain can be dissolved. 

(1) Silid nx^ks; beds of limestone, of silicious and argillacious limestone, and ofcalca- 
rious sandstone. 

^2) I»ose*Mls, composed of decomposed rocks, pebbles, boulders, shingle, etc. 

^3) Marly clays and sands, in layers overlying the plains, in the undulating slopes of 
• the hills, and at the feet of bluffs. 

T) arrive methodically at the mean percentage of salt, it becomes necessary to make a 
quantitative chemical analysis of each of the three categories of soil separately, then 
mf a.Hure their specific gravity, discover the thickness of the stratum which is permeable, and 
finally fix on the area. These are the necessary elements. The calculation which fallows 
luA no pretence to such precision. 

T.^e following are the established or approximate facts which are at my disposal : — 

Ij Dimensions of the canal traversing the desert : 

I>ength 25 kilometres 

Breadth 40 metres. 

Depth of water 9 metres. 

(2) Time of filling probably 7 years. 

(3) Volume of water contained in the reservoir below R. L. + 27" = 18,600 millions 
of cubic metres. 
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(4) Saperficies of the water at R. L. 27... 650 millions of square metres. 

(5) Annnal evap3rati)n. . . 2 metres. 

(6) Salt contained in Nile water after Profess )r Sickenb^rger's analysis in 1883, 40 

milligrammes per litre = 40 grammei par metre cube =-^ per cent. 
(The Nile in summer has only ^ per cent of salt). 

(7) The mean specific gravity of salt 2.25. 

(8) Solubility of salt water 1 : 2.75. 

(9) The specific gravity of the mean d»<sert soils has been taken as practically the 
same as that of salt. 

The different siurc3s from which salt can enter the prjp>sed reservnr are enumerated K^imate 



in the folliwing list : — 



of salt in the 
Wadv RaYan 

SALT I.N THE RESKRVOIR ' , 

iH MiLLiuMs OF GRAMNBS resepvolr. 



1. From the Nile in fl)xl when the reservoir is full : 18,600 millions X 40 = 744,000 

2. FDm the Nile in flood, to make gODd the losses fr.)m evap)rati)n in 

7 years : 3,000 milli ms of cubic metres X 40 = 120.000 

3. The losses by evaporation in the canals during 7 years = 36,030 

4. From the lands in the bed of the reservoir : 650 raillims square metres 
X by 0^.2 zzr IHO millions cubic metres (130,000,000 X 2.25)= 290 bil- 
lions of grammes, of which 2 per cent am ^unt t = 5,800,000 

5. Fr>m the bed and banks of the canal in the desert and the inundati ms : 

2 per cent of salt in a belt of 50 centimetres = 650.000 

6. From the Nile deposits o)mpjsing the bed and banks of the canal in the 
Nile valley 20 kilometres long. 

7. From infiltrations and drainage int "> the same canal = 150,000 

Total 7,500,000 



This equals 7,500,000 millions of grammes or, 0.04 per cent. 

The reservoir would therefore contain 7,500 millions ofkilogrammesof salt, or-^per cent 
of salt ; that is to say — of the salt which exists in the water of those wells in Egypt which 
can be used f >r purposes of irrigation. 

Water containing a similar proportion of salt could be turned into the Nile without in substitution 
any way compromising the agriculture. I again report that my calculation is based on **' ^^^ *o' 
maximum and assumed data. To obtain an exact calculJRion we mu^^t obtain exact data. approximation 

I conclude by calling attention to the extraordinary phenomenon of the water of Lake The 
Qurun inthe Fayum being nearly sweet, in spiteof thefactthat itis theVesiduum of the ancient phenomenon 
LakeMoeris. This question is intimately connected with that of the Wady Rayan reservoir, sweet^ water 
Very probably the creation of the depression of the Fayum and the subsidence of the strata '° ^* 

" Qurun lalce 

composing its bed were due t) the same geological action which produced the Wady Rayan. 
This reflexion makes it probable that this latter reservoir, when itis full, will disclose the 
same clefts and fissures in its b)ttom, which I shall try and prove, exist in the bed of the 
Qurun lake. 

These subterranean passages will cause the loss of a great part of the water stored in the The great 
reservoir, and will give birth t ) distant springs, and probably even to the formation of new p«>hahuity 
cases in the Libyan desert. The effect on the reserv«)ir will be the following : the quantity of subteiranean 
salt in the reservoir will be diminished, but the work of the filling the reservoir will be more dr^nage 
difficult and longer in operatic. wad^Rayan. 

(I) According to Sickdnborger ordinary well water in E|j^ypt, which is used for irrigation, ccintains 
Vi« per cent of salt. 
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The Qurun lake has ti»-day a surfacn )f ab^ut 250 milli ms of square metres and probablj 
a cubic content of ISCX) milli »iis of cubir metres. 

If wc supp>se that the lakt'i has existed at this same level since the Roman period 
(A. D. 200), the lake w.mld have rec uvedsalt fr >in the Nile since that periixl. 

IV a;u.iossor CRinn 

The salt (1) Salt in the entire mass of the water, 1M» X 40 = 60,090 

*^in the (^^ Salt ontained in the strata of water evap>rated annually during ITcentu- 
Fayomiake. ries, 2 X 250 X 40 X 1700 • = 34,000,000 



ToTAt 34,060,000 

The salt in this case w >uld am )unt t ) 34,()G0 millions of kilogrammes i. e. 2.27 per cent. 

As however, at th<» time in qucsti )n, the lake had very pr d)ably its water level at + 0, 
its volume are decreased hy 4.'^ metres in perpendLcu\ir height during the 17 centuries. We 
must thciref )refind tli<»quantily of salt in the wat«'r which was in excess of the present volume 
of the lake, and the annual loss l)y evap irali »n off the excess of the surface of the lake over 
the area of t>day. This lalti'r excess equalled, in all probability, the present area of the lake. 

At R. L. the ar^^a of the lake was approximaltdy 500 millions of square metres, and 
its excess volume was from IH to 14 times the actual voIuhk* of to-(Iaj'. I estimate this excess 
volume at 20,<-K)0 millions of cubic metres and the salt at S0O,(XK) millions of grammes. The 
diminuti >n of the surface <»f the lake was slightly under 250,000 square metres p^r annum. 
The sail contained in the strata of wat<'revap ►rated outside of the actual art^a of the lake today 
amounted in 17 centuries t > 17 billions of grammes. This total ([uantity of 17,8^)0,000 millions 
of grammes of salt in 1500 millions of cubic nitdres of water give a percentage of 1.18G. 

If we aid 1.18() to 2.27 f )und bef nv, W(} have ;^.45 p«^r cent of salt in the lake t:Hlay if 
it had existed only 1,700 years ; and at tlu» beginning of that time, had been at level of 
the Mediterranean. 

other sources S ) far I have n >t onsidered the supply of salt fr.>m other snirces suchas: — 
intheuuie ^^^ The iufiltrati >n wal«'r brv)ught into the lake by the canal and drains from the 

hitherto Cultivated land of the Fa yum. 

omitted. ^2^ The greater quantity of salt in the BahrYusif on the entering the Fayum, than in 

the Nile itself. ^ 
On the other hand I have exaggerated in giving f)r the whole j^ear the percentage of 
salt which is in the Nile only during fl >r)d. 

Any way, one will readily seci h what degree of c )ncentratiou the salt ought ti increase 
in a lake whose volume has beens) c >nsiderably reduced through incalculable ce,nturies. 
The vestige of the ancient water surface which are to be found to the n »rth of the lake at 
a distance of 8 kilometres from its present edge near the temple disc )vered by me in 1884, and 
the other incontn)venlible pr«)ofs of the existence of a M(T)ris in the sense of Herod )tus, make 
it very probable that its level rose in ancient times t ) a level of 22 or 23 metres abive the 
Mediterranean. 

According t > Major Br >wn, the ancient Mneris had a surface of 1,000 milli ms (*) of square 
The quantity met^.^^j^ j^s volume may be calculated at .'30,000 millions of cubic metres. This volume. 

oi salt "^ * 

derived rcduccd to 1,500 millions cubic metres, brings the percentage of salt in the water of the actual 

fromMoeris. j^ke to .8 per ceut by itself, and the salt contained in the stratum evaporated during a 

single year being 120,000 millions of grammes, ought in 10 centuries, to mount to 128,000 mil- 

tions of kilogrammes. This would represent in the 1,500 millions of cubic metres, of the 

lake of to-day, a percentage of 8,5H. 

(1) On pn^e 26 of the Hcjiorl, the oiva of the nncioiil Inke Mo»ris is *fiven ns 2,500 squnrc kJlomeli'es. 
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But who knows since when the great lake existed, and how many centuries elapsed 8.5 per cent 
before the ontrolling of its water was begun ? What has become of the salt which would ®' "^|^J|^ ***** 
have mounted to figures far higher than mine ? Where again are the salts contained in the disappeared 
basin before the Nile water entered, and the salt of infiltration from drainage and irrigation? Fay^,^^e. 
The salt in the lake to-day bears no relation to the quantities I have enumerated. 

To-day the waters of the Qurun lake are but slightly brackish. They are even potable, 
and inhabited by fresh water fish from the Nile. It has been definitely prs)ved that lake 
Moeris never had a natural outlet towards the interior of the country, and that it never even was 
in connection with the Wady Rayan which it nearly touched. (See Major Brown's work on 
the Fayum p. 43 and 48). The Fayura basin is closed on all sides by blufl*s and hills of 
considerable height. We have seen that, in spite of their concentration through immemjrial 
ages, the salt in the waters of the lake has not increased, Tnis renewal of fresh water can only 
be accounted for by subterranean drainage. Where have the waters gone to ? 

( Lake Tchad in the central Sou Ian is an example of subterranean drainage on a larger 
scale. The waters are perfectly sweet in spite of the absence of any apparent outlet. The 
lake is drained by active infiltrations towards the N. E. in low depressions which are known 
as the Bahr El Gazal). 

The Natron lakes are probably due to direct infiltrations from the Nile, since Sicken- 
berger in 1892 observed that all the springs which gave birth to the lakes were situated on 
the eastern side of the valley. The difference of level, also, prevents the establishment of 
any similarity between the systems, as well as the fact that the springs of the Natron lakes 
are not thermal. 

Oases and depressions provided with springs are to be found to the north west of the Fayum 
asfar as Siwah; and this latter oasis may perhaps obtain some of its water from the Qurun 
lake in spite of the difference of levels. There are many phenomena connected with thermal 
springs which as yet await solution. We are still in ignorance of the destination of the 
currents of those thermal springs which traverse the bottom of the depression of the great 
oasis and the oasis of Dakhel, at great depths. These springs are abundant and flow 
evidently towards the north. It is probable that all these subterranean streams, which 
are fed by the Nile, flow towards the Marmarica coast between Alexandria and Derna. 
There, owing to the tensile force inherent in all water at a high temperature, they are 
discharged at great depths below the level of the Mediterranean sea. 

Signed: G. Schweinpdrth . 
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